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FROM THE EDITOR 


Will Al take over 
our | 


Artificial intelligence 
is transforming the 
world, though 
perhaps not as 
quickly as sci-fi 
stories tell us it is. 
ASTRONOMY: ROEN KELLY 


Follow the 


Dave's Universe blog: 
www.Astronomy. 
com/davesuniverse 
Follow Dave Eicher 
on Twitter: 
@deicherstar 


ives? 


Artificial intelligence is 
transforming our world. 
Will it take on the entire 


universe? 

Founded with the rise of com- 
puting machines in the 1950s, AI is 
now actively seeping into more and 
more places we encounter every 
day. Robots are routinely operat- 
ing in factories. They are fulfilling 
orders in warehouses. Machines are 
increasingly handling tasks previ- 
ously performed by humans, and 
as computing power expands at an 
increasing rate, the sky seems to be 
the limit for what AI can take on in 
place of its human creators. 

This month, astronomer Ashley Spindler describes how AI is 
transforming the world of astronomical research. This illuminat- 
ing story begins on page 36. I think you will be amazed at how 
widespread computing power is in virtually every facet of our dis- 
coveries and research into the cosmos. Spindler also looks at the 
ever-expanding horizon of artificial intelligence in future research. 

What we see in AI both intrigues us and makes us nervous. 
The technology has already supplanted many factory jobs. As we 
discussed this story in the past months, editors on the Astronomy 
staff experimented with AI writing programs, wondering ifhuman 
editors too will eventually be deemed no longer valuable. And then 
we turn around and read an AI-generated story, widely circulated, 
on the Moon, which somehow concluded that millions of people 
now live there. 

I don’t think Al is about to replace human beings or the sophis- 
tication of human thoughts. That kind of full equivalency still 
seems to be the stuff of sci-fi. But the world is definitely changing 
because of AI, and this month’s story offers sober insights into the 
new world to come. 


Yours truly, 


OC aise 


David J. Eicher 
Editor 
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ASTRO LETTERS 


RIGHT: Reader David 
Copley created this 
stereoscopic 3D 
image of stars in 

the Milky Way as 
impacted by a lone 
black hole’s gravity 
on Aug. 8, 2011, and 
Aug. 29, 2017. The 
original images were 
featured in our 
February 2023 issue. 
3D: DAVID COPLEY; ORIGINAL IMAGE: 
NASA, ESA, AND KAILASH SAHU 
(STSCI); PROCESSING: JOSEPH 
DEPASQUALE (STSCI) 


We welcome 

your comments 
at Astronomy Letters, 
P.O. Box 1612, 
Waukesha, WI 53187; 
or email to letters@ 
astronomy.com. 
Please include your 
name, city, state, and 
country. Letters may 
be edited for space 
and clarity. 


In three dimensions 

In the seventh entry of February’s “Top 
10 space stories of 2022,” the four images 
of the brightening of a star, caused by 
the possible microlensing of a black hole, 
triggered my love of 3D. I looked at the 
images as stereo pairs and noticed that 
there was some parallax, making the 
stars seem to be at varying differences. 
With further inspection, I determined 
that it was their actual movement over time that was the 
cause of the apparent parallax. I made a stereo anaglyph 
of two of the images, one from August 2011 and the 
other from August 2017. It appears to show the direction 
of movement for each star, and I was wondering if this 
helps in determining the distances and orbits within our 
galaxy for these stars and perhaps that of the black hole 
itself? — David Copley, Grand Junction, CO 


Senior Editor Alison Klesman responds: In their July 6, 
2022, Astrophysical Journal paper, Kailash Sahu and 
his colleagues do state that all the stars in the field are 
expected to move somewhat over the course of six years, 
thanks to their own proper motions. So, they had to take 


Aug. 29220' 


OE 


this into effect when measuring the offset 
of the lensed star. The authors also noted 
that while they took proper motion into 
account, they ignored the overall parallax 
of the stars. This is because all the stars 
(including the lensed star) are in the same 
area of the galactic bulge, so their parallax 
should be the same. The parallax for these 
stars is expected to be small (less than 

2 milliarcseconds). 

You are absolutely correct that measuring such 
motion helps when determining information about these 
stars and the intervening black hole. By knowing how 
much of the lensed star’s apparent deflection was due 
to proper motion, the researchers then separated out the 
effects of the lensing to more accurately pin down the 
mass of the rogue black hole. 


Erratum 

Stephen O’Meara’s March 2023 Secret Sky column incor- 
rectly stated Roy Parish’s role with the Association of 
Lunar and Planetary Observers. He was coordinator of the 
Lunar Relative Heights Program, not of the Lunar Section. 
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QUANTUM GRAVITY 


EVERYTHING YOU NEED TO KNOW ABOUT THE UNIVERSE THIS MONTH 


JWST captures 
an exceptionally 
hot and massive 
star that’s well on 
its way to going 
supernova. 


Wolf-Rayet stars like WR 124, 
which is located some 15,000 
light-years away in the constel- 
lation Sagitta the Arrow, are a 
special breed. These objects are 
some of the brightest, hottest, 
and most massive stars in the 
modern universe, shedding 
their outer layers via intense 
stellar winds that can reach 
millions of miles per hour. 
Those winds also make Wolf- 
Rayet stars notoriously difficult 
to study, shrouding them with 
ejected gas that eventually cools 
into obscuring dust. But the 
James Webb Space Telescope 
views the cosmos with infrared 
vision perfect for observing 
this gas and dust. Its Near- 
Infrared Camera (NIRCam) 
picks up WR 124’s bright stellar 
core, while the Mid-Infrared 
Instrument (MIRI) reveals the 
structure of the surrounding 
nebula, showing the clumps of 
gas and dust that were ejected. 
These observations, captured in 
June 2022, may help shed light 
on how Wolf-Rayet stars con- 
tribute to the overabundance 
of dust in the universe that 
current theories can’t explain. 

— JAKE PARKS 


A study of Christiaan 
Huygens’ tables and 
equations for building 
telescopes found 

that the 17th-century 
astronomer was 
nearsighted and could 
have used eyeglasses 
with a prescription of 
-1.5 diopters. This may 
explain why his scopes 
were reportedly less 
sharp than those of 
his rivals. 


New data show a 
hotspot (upper right) 
where a jet from galaxy 
3C 297, 9.2 billion 
light-years distant, is 
plowing into hot gas 
nearby. Such hot gas 
is typically only found 
in galaxy clusters, 
making researchers 
wonder if 3C 297 may 
have consumed its 
clustermates, 


Even from low Earth 
orbit, Hubble Space 
Telescope images are 
increasingly vulnerable 
to satellite trails, a 
study finds. Currently, 
2.7 percent of images 
with a typical exposure 
time of 11 minutes are 
crossed by satellites, 
and the percentage 

is growing. 
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A VOLCANO MAY HAVE 
ERUPTED ON VENUS IN 1991 


Data from NASA‘s Magellan show evidence that 
an eruption occurred during the mission. 


>? Venus’ landscape is littered with 
volcanoes that were clearly active 


in the past. But less clear is whether 
any are still erupting in the present. 
Many researchers have suspected this 
is the case, citing evidence of lava flows 
that appear relatively recent. But direct 
before-and-after evidence of an erup- 
tion had not emerged — until research- 
ers found it while combing through 
archival data from NASA’s Magellan 
mission, which orbited the planet from 
Aug. 10, 1990, to Oct. 13, 1994. 

Robert Herrick, a planetary scientist 
at the University of Alaska in Fairbanks 
(UAF), reexamined the over 30-year-old 
data and presented the findings March 15 
at the 54th Lunar and Planetary Science 
Conference, held in The Woodlands, 
Texas, and virtually. The results were 
published the same day in Science. 

Herrick compared February 1991 
radar imagery of the Alta Regio region 
to data from October of the same year. 
The area hosts two volcanoes: Maat 
Mons and Ozza Mons. Looking at the 


ALIVE AND KICKING. The volcano Maat 
Mons appears in a 3D model based on data 
from NASA's Magellan mission. The elevation 
has been exaggerated by a factor of 10 to 
better show detail in the terrain. nasaveL-caLtecu 


images, Herrick noticed that one volca- 
nic vent near Maat Mons had expanded 
significantly between datasets. The 
October data also had a bright feature 
extending from the vent that looked like 
a possible lava flow. 

Herrick and Scott Hensley, a former 
Magellan radar team member at NASA's 


Jet Propulsion Laboratory (JPL), used 
computer modeling to compare different 
geologic scenarios that could cause a 
square-mile-sized (2.2 square kilometers) 
vent to become misshapen and double in 
size. The best answer was an eruption. 
“Only a couple of the simulations 
matched the imagery, and the most 
likely scenario is that volcanic activity 
occurred on Venus’ surface during 
Magellan’s mission,” said Hensley in 
a press release. He argues the finding 
“confirms there is modern geological 
activity” on the planet. 


A CLOUDED FUTURE 

The discovery comes as planetary 
scientists mobilize to save another 
NASA mission to Venus. 

In 2021, NASA announced plans to 
return to Venus with two missions, 
including VERITAS (short for Venus 
Emissivity, Radio science, InSAR, 
Topography, And Spectroscopy). 
VERITAS is meant to create a 3D map 
of the surface and identify its composi- 
tion using a near-infrared spectrometer. 

But the mission recently suffered a 
setback. Originally scheduled to launch 
in 2028, it was delayed due to workforce 
and budget constraints. JPL is manag- 
ing both VERITAS and the upcoming 
Psyche mission to the asteroid of the 
same name. VERITAS was meeting its 
targets, scientists say, but Psyche slipped 
behind schedule — and VERITAS 
paid the price. NASA’s Nov. 4, 2022, 


October 
1991 


Altitude 
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VENTI SIZE. LEFT: Maat Mons and Ozza Mons are two volcanoes in the Alta Regio region of Venus. 
RIGHT: Radar imagery from February 1991 (top) shows a volcanic vent. Images of the same region 
from October 1991 (bottom) show the vent has expanded, and the appearance of the terrain north of 
the vent suggests that it is covered in new lava flows. rosert HERRICK/UAF 


announcement of the VERITAS delay gave 

no firm target launch date, saying only that it 
was now “scheduled to launch no sooner than 
2031.” And the Biden administration’s budget 
request for 2024, released March 9, allocated 
just $1.5 million for VERITAS — down from a 
projected $124 million — in what some in the 
planetary science community have called a soft 


lead the vanguard of scientific exploration of 
Venus, including how its climate and surface 
changed from a habitable to uninhabitable 
environment,” the letter reads, warning that 
other organizations, including Chinese and 
European agencies with plans for orbiters, 
“may end up leading Venus exploration in the 
coming decades.” 


GLASS OF WATER 
Lunar samples from China's 
Chang’e 5 mission suggest 

that glassy beads on the 
Moon's surface may store up 
to 270 trillion liters of water — 
over 71 trillion gallons, or more 
than half the volume of Lake 
Erie. This water may form 


cancellation. 


In an April 5 statement, The Planetary 
Society called on Congress to “save VERITAS” 
by setting a 2029 launch date. The statement 
was co-signed by the American Geophysical 
Union — the professional society that 
represents U.S. planetary scientists — as well 
as three universities involved in VERITAS: 
UAF, Tulane University, and Mount Holyoke 


College. 


“Without VERITAS, the United States 
will miss an extraordinary opportunity to 


THE TRAPPIST-1 system, located 
some 40 light-years away, hosts at 
least seven Earth-sized, rocky exo- 
planets. But new measurements 
taken by the James Webb Space 
Telescope’s (JIWST) Mid-Infrared 
Instrument (MIRI) show at least one 
planet — TRAPPIST-1 b — is likely 
too hot to host an atmosphere. 
Despite the news that this planet 
is inhospitable, the observations 
are still a major achievement: It 
is the first time emissions of light 
have been detected from a rocky 
planet with a temperature compa- 
rable to those in our solar system. 
“It's a really important step in 
the story of discovering exoplan- 
ets,” study co-author Pierre-Olivier 
Lagage of the French Alternative 
Energies and Atomic Energy 
Commission (CEA), who spent 
more than two decades developing 
MIRI, said in a press release. 
The new research was pub- 
lished March 27 in Nature. 
TRAPPIST-1 b, some 1.4 times 
as massive as Earth, is the inner- 
most world in the system. Previous 
observations with the Hubble Space 
Telescope and the Spitzer Space 
Telescope had found no evidence 
of a puffy atmosphere around 
the world. But these observations 
couldn't rule out the possibility that 
the planet was cloaked in a dense, 
thin atmosphere. 


NASA is still pressing forward with the 


Deep Atmosphere Venus Investigation 

of Noble gases, Chemistry, and Imaging 
(DAVINCI) mission, set for a 2029 launch. 
But unlike VERITAS and its global view, 
DAVINCTI’s main objective is to sample 
Venus’ clouds and examine terrain up close 
by deploying a probe that will fall through 
the planet’s atmosphere. ESA is also prepar- 


ing a Venus orbiter called EnVision, which is 


tentatively set to launch in the early 2030s. 
— SAMANTHA HILL, MARK ZASTROW 


BARREN WORLD. Despite how close it sits to its star, the surface of the 
exoplanet TRAPPIST-1 b is not nearly as scorching as Mercury. Nonetheless, 


it still appears to be too hot and airless to host life. itustration: nasa, ESA, CSA, JOSEPH 
OLMSTED (STSCI); SCIENCE: THOMAS P. GREENE (NASA AMES), TAYLOR BELL (BAERI), ELSA DUCROT (CEA), PIERRE-OLIVIER 
LAGAGE (CEA) 


Using JWST, scientists gleaned 
new insight into TRAPPIST-1 b by 
measuring its temperature. “This 
planet is tidally locked, with one 
side facing the star at all times and 
the other in permanent darkness,” 
said Lagage. “If it has an atmo- 
sphere to circulate and redistribute 
the heat, the dayside will be cooler 
than if there is no atmosphere.” 

JWST watched the planet pass 
behind its host star, a technique 
called secondary eclipse photom- 
etry. By subtracting the brightness 
of the red dwarf alone from the 
overall brightness of the star and 
planet combined, the team could 


determine how much infrared 
light (or heat) the planet emits. 
That’s no small feat, consider- 
ing the star is some 1,000 times 
brighter than the planet, resulting 
in a dip of less than 0.1 percent 
when the planet disappears. 
They found TRAPPIST-1 b has a 
temperature around 450 degrees 
Fahrenheit (232 degrees Celsius). 
“The results are almost perfectly 
consistent” with a bare, rocky 
planet with no atmosphere, said 
co-author Elsa Ducrot of the CEA. 
Studying the TRAPPIST-1 sys- 
tem has wider implications: The 
host star is an M dwarf, the most 


when hydrogen from the solar 
wind bonds with oxygen in 
mineral oxides. 


LINK TO THE BLAST 
Scientists found that a 
collision of neutron stars 
detected via gravitational 
waves April 25, 2019, was 
followed 2.5 hours later by a 
fast radio burst (FRB) in the 
same area. If they were from 
the same event, it would be 
the first time an FRB has been 
linked to a neutron star 
merger. 


LUCKY US 
A single super-Earth located 
where the main asteroid belt 
is today could destabilize and 
eject every planet except 
Jupiter and Saturn, a study 
finds. It shows how intricate 
and finely tuned the solar 
system is, said author Stephen 
Kane of the University of 
California, Riverside. 


EUROPA, EUROPA 
An investigation found that a 
Dec. 20 failure of Europe's 
new Vega C rocket was 
caused by a defective engine 
nozzle part produced in 
Ukraine. Vega C’s grounding, 
delays to the Ariane 6 
launcher, and the severing of 
ties with Russia have severely 
reduced Europe's launch 
capability. —M.z. 


common type of star in the galaxy. 
While finding planets in the habit- 
able zones of such small stars 

is relatively easy, intense stellar 
activity may render their surfaces 
unsuitable for life. “If we want to 
understand habitability around 

M stars, the TRAPPIST-1 system 

is a great laboratory,” Ducrot 
added. “These are the best targets 
we have for looking at the atmo- 
spheres of rocky planets.” —1P. 


STRANGE UNIVERSE 


What's really 


there? 


The author took this 
photo on film that 
picked up the 
abundance of stars 
within the 
constellation Orion, 
but none of the 
nebulosity. sos Berman 


BY BOB BERMAN 
Bob’s recent book, 
Earth-Shattering 
(Little, Brown and 
Company, 2019), 
explores the greatest 
cataclysms that have 
shaken the universe. 


Understanding the world all depends 
on how you look at it. 


“These stars 
aren't really 
there any- 
more, are they?” 

I’ve frequently 
heard the same ques- 
tion from observatory 
visitors since 1982, 
whether at my own 
observatories, at the 
Storm King Academy 
where I taught, at the 
famous Millbrook 
School where I gave 
astro lectures, and 
elsewhere in these 
dark mountains of upstate New York. 

I respect that question, even though the logic behind 
it isn’t correct. It reveals awareness that light has a finite 
speed and that we might see an image even ifa star no 
longer exists. But the thinking is wrong because the 
6,000 naked-eye stars have an average lifespan of over 
a billion years apiece, and their images’ travel time to 
Earth never exceeds a few thousand years. 
I’ve calculated roughly 200-to-1 odds that 


Another issue is an obsession of Canadian physicist 
Roy Bishop, with whom I sometimes correspond. He 
believes — as was also believed by Isaac Newton — that 
there are no colors in the universe. Instead, Bishop 
insists that external color is an illusion that afflicts 
99.9 percent of all scientists and laypeople. 

A common misapprehension is that our pupils and 
lenses are like clear windows letting in colors that, when 
detected by our retina’s cone cells, allow us to experience 
the supposedly multihued universe. In truth, the Moon’s 
reflected sunlight is solely composed of alternating 
magnetic and electrical fields. Though we are blind to 
these fields, their electromagnetic energy does excite 
retina cells to stimulate physiological architecture in the 
brain’s occipital lobe. There, hundreds of millions of 
neurons create the conscious experience of brightness 
and color. 

But human vision is evolutionarily motivated by indi- 
vidual survival and species preservation, so this process 
has no reason to accurately replicate the full external 
world. So when we see the lovely emerald glow of the 
Cat’s Eye Nebula (NGC 6543), its green is no more “really 
there” than if we experienced Mars smelling like bacon. 
In fact, nature could have just as easily constructed our 
brains to make us perceive the Cat’s Eye as the aroma of 
a BLT with no color accompaniment whatsoever. That’s 
because colors are not external phenomena, but creations 
happening entirely within the skull. 

Newton emphasized this some three centuries ago. 

It’s too bad astronomers aren’t more aware 


of visual physiology; perhaps they would 


not even one of the night’s visible stars has Seeking then truly appreciate why a lunar eclipse 
died in the brief time its image was en route. what's real looks reddish only when totality is 

Seeking what’s real keeps us uncovering ke eps us approaching, as our Moon is bathed in 
surprises and complexities. On this page is ; increasingly longer wavelengths of electro- 
a photo I took four decades ago, of the con- uncover! ng magnetic radiation. These wavelengths are 
stellation Orion. It appears as one big star SUIFPFISES and manifested by the physiological response of 
cluster because the gas-hypered filmIused COM plexities. creating and experiencing redness, which 


was insensitive to the red nebulosity that 
wreaths that constellation and instead 
emphasized the star cluster centered on the Hunter’s 
belt. A different photographic technique would eighty- 
six the cluster while making the nebulosity pop out. 
And when viewed with the naked eye at a typical sub- 
urban site, Orion appears as neither a cluster nor a 
nebula, but as the familiar hourglass pattern of its 
brightest stars. 

One takeaway, then, is that observers might want to 
be more open-minded about what’s “really there.” 

A famous reality issue involves quantum theory. 
Physicists mostly disbelieve that objects exist with spe- 
cific properties when no one observes them. Yet, do you 
know any astronomer who thinks the Moon’s not there 
when nobody’s viewing it? Albert Einstein used this exact 
example when questioning physicist Abraham Pais. 


very much involves our biological selves. 
Red in particular is a tricky hue to perceive: 
Weare blind to it at low light levels, which is why average 
backyard scopes don’t show M42’s abundant reds. Lunar 
totality is the only celestial sight in which the brightness 
level is sufficient to stimulate our red-light-sensing cells 
into producing a major experience of nocturnal color 
vision. 

Regardless of the reason why, we'll keep enjoying our 
gorgeous visual astro-experiences even when they're as 
real as laughter in a dream. They deliver pleasure and 
knowledge. But before we lecture anybody on what’s 
really there, we might take a deep breath, for we're still 
toddlers in a playpen of surprises. 


(i BROWSE THE “STRANGE UNIVERSE” ARCHIVE 
a AT www.Astronomy.com/Berman 
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Though a basic bot by today’s standards, the rover paved the way 


for the last 26 years of exploring the martian surface. 
BY STUART ATKINSON 


goat o> ie 
oe ; 


WHEN YOU 
HEAR THE 
WORDS 
MARS ROVER, 


you probably picture one of the 
modern rovers like Perseverance or 
Curiosity: camera-covered, laser- 
toting, nuclear-powered monster 
trucks with wheels the size of bar- 
rels, trundling across Mars with all 
the urgency of a Jawa sandcrawler 
to study rocks and dust. Or, if 
youre a little older, you might 
imagine their predecessors: the 
smaller, solar-powered twins Spirit 
and Opportunity, which raced 
across Barsoom like Labrador pup- 
pies on a beach, hopscotching from 
crater to crater and traversing 
more hills than the Grand Old 
Duke of York. 

But none of those would have 
been built if it weren't for the amaz- 
ing success of a much smaller, 
much less sophisticated rover 
named Sojourner, which landed on 


an 
e as 


_ the rock to the rover's left was named Barnacle Bill, while the large rock at top 
~~ right was dubbed Yogi by mission scientists. They were two of Sojourner’s first 


exploration targets. nasavpL 


yy) The Pathfinder lander captured this panorama of its rover and their new home over 
‘ya period of three sols, or martian days. nasa/pL-caLtecH 


Mars 26 years ago. Not much big- 
ger than a microwave, it weathered 
a daring landing cocooned in air- 
bags — a dramatic and risky 


departure from the retro rockets 
the Viking landers had used to 
touch down on the Red Planet 
two decades earlier. 
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ROVER IMAGES, 
THEN AND NOW 


SOJOURNER’S IMAGES were an 
absolute sensation at the time. They 
looked so crisp and clear that peo- 
ple felt like they were transported to 
Mars just by looking at them. Not 
surprisingly, Sojourner’s shots are 
small and extremely low resolution 
compared with images sent back by 
more modern rovers. Images from 
Curiosity and Perseverance are 
vastly superior in quality, each one 
many megabytes in size. And yet 
those grainy, distorted views cap- 
tured by Sojourner still hold up 
today as beautiful postcards from a 
robot sightseer lumbering around 
an alien world. —S.A. 


Sojourner didn’t just survive on Mars; 
it thrived, carrying out useful science 
and sending back fascinating pictures 
long past the expected end of its mission. 
Sojourner forged the path for the high- 
tech rovers currently rolling across Mars 
in the same way that the Wright Flyer 
opened the door for the fighter jets and 
airliners soaring through Earth’s skies 
today. 


iver, 


el iy € 


As engineers have grown more confident navigating Mars’ thin atmosphere and exploring its 
surface from afar, the size of the rovers has grown. Sojourner was roughly the size of a microwave, 
while the modern build for Curiosity and Perseverance is closer to car-sized. nasa/sPL-caLTecH 


Newer space enthusiasts might be most 
familiar with Sojourner thanks to the 
rovers cameo in the 2015 film The 
Martian. Although the way the rover 
followed Mark Watney around the hab 
like a pet dog was about as realistic as 
the film’s dust storm, it was admittedly 
sweet and just one of many things I for- 
give that film for. 


But what is the real story of Sojourner? 
Launched Dec. 4, 1996, aboard a Delta II 
rocket, Sojourner was part of the Mars 
Pathfinder mission: a low-budget pro- 
gram to send a lander and a small test 
rover to Mars to see if it was even possible 
to operate a wheeled vehicle there. 

And Sojourner certainly was small. 
Weighing only 34 pounds (15.6 kilograms) 
and measuring just a foot (30 centimeters) 
high and 2 feet (65 cm) long, it could fit 
easily on a kitchen counter. But despite 
its diminutive stature, little Sojourner 
had big goals. 

It came equipped with front and rear 
cameras and a variety of instruments 
designed to perform limited but valuable 
science. The Alpha Proton X-Ray 
Spectrometer (APXS) was its principal 
scientific tool. It included three different 
spectrometers and helped scientists ana- 
lyze the rocks and dust that the rover 
encountered. The APXS sensor head was 
mounted on a small robotic arm that 
reached out and pressed the sensors 
against the martian rocks or soil, like a 
dog pressing its nose to the ground to 


Concept art from NASA highlighted 
Sojourner's spiked wheels for gripping 
martian terrain. In reality, the landing site ended up 

being strewn with more rocks than expected, 
giving Sojourner plenty of targets to explore. nasavpt 


Sojourner never strayed very far from its 
lander. After exploring the closest, most 
appealing rocks, the rover went on a clockwise 
tour of its surroundings. Mission scientists had only 
planned for seven sols, but Sojourner started a 
grand martian rover tradition of drastically 
outliving expectations. nasaieL 


better smell the scents embedded 
within. 

A pair of forward-facing Kodak 
KAI-0371 monochrome cameras acted 
as the rover’s eyes, studying the local 
topography and recording maps of the 
surface in black and white. The lovely 
color images that Sojourner sent back 
— and is most famous for — were taken 
by a single KAI-037M sensor in the rear. 

However, Sojourner’s most striking 


feature was its flat top covered in metallic- 


blue solar panels, which made the rover 
look like a giant beetle; and its six small, 
spiky wheels, which gave the rover real 
Robot Wars appeal. 

Since nothing in this mission had ever 
been tried before, hopes weren't sky high 
that Sojourner would work. Many mis- 
sion scientists thought that if it did work, 
it wouldn’t function long and the rover 
would die after driving a few dozen yards 
over about seven martian days (or sols) 
— after all, that was its planned mission 
length. But after it safely touched down 
on the Red Planet’s surface on July 4, 
1997, Sojourner exceeded all expecta- 
tions, lasting more than 10 times as long 
as intended. 

The Mars Pathfinder lander set down 
in an area called Ares Vallis — which, by 
the way, is nowhere near and looks abso- 
lutely nothing like the place Watney digs 
the rover out of in The Martian. Ares 
Vallis is essentially the dried-up remains 
of a huge channel carved into the mar- 
tian surface by violent floods billions of 
years ago. 

When Pathfinder’s first images came 
back, they showed an orange-brown 
landscape strewn with boulders, some of 
which were quite large and almost all of 
which bore signs of tumbling, cracking, 
and splitting by floods that once swept 
down the valley. Those images caused a 
sensation partly because Pathfinder was 
one of the first real space missions of the 
internet age. When NASA began posting 
images daily, there was so much interest 
in them that the fledgling internet 


and Perseverance to create beautiful 

panoramas and landscapes — including 
myself — first got into image processing 
because of those early Sojourner photos. 


strained under the pressure. People 
around the world viewed and down- 
loaded the images as soon as they 
appeared, giving the mission an incred- 
ible public profile and showing that there 
was a huge appetite for “live” images sent 
back from distant worlds. 

Many space enthusiasts who down- 
load raw images sent back by Curiosity 


Sojourner visited and imaged numerous 
fascinating rocks, many of which were 
given quirky nicknames by the mission 


Material Adherence 


Experiment Solar Panel 


Antenna 


—— Alpha Proton 
X-Ray Spectrometer 


Cameras/Lasers Warm Electronics Box 


Sojourner carried only a few experiments, in stark contrast to modern Mars missions that are full 
mobile laboratories. Meant mostly as a proof of concept, Sojourner nonetheless returned stunning 
results with limited tools. anorey simonenKo/DREAMSTIME 
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team. Yogi was so 
named because it 
looked like the head 
of a bear, kind of; it 
had neighbors such 
as Pop Tart and 
Barnacle Bill. Two 
hills on the horizon 
were imaginatively 
named Twin Peaks, 
and a wind-carved 
dust dune close to 
the landing site 
was christened 
Mermaid Dune. 
Although 


NASA has always captured the 
public's imagination, and fans 


of all ages were drawn into 


took images of dust 
dunes between the 
rocks there. 

Despite the valuable 
science revealed by 
many of the images 
Sojourner took, some 
of the most enduring 

shots were of the rover 
itself, taken by 
Pathfinder. A camera 
mounted on a tall mast 
on the lander took 
many fantastic images 
showing the rover 
passing between rocks, 


Sojourner’s science 
instruments were lim- 
ited in their capabilities 
compared with mod- 
ern Mars laboratories, they still revealed 
a lot about the Red Planet, and the data 
they gathered are still useful today. The 
rover confirmed the mission team’s pre- 
dictions — and hopes — that the land- 
ing site was covered with a rich variety 
of rocks, brought there by ancient 
floods. Some rocks, like Yogi, were vol- 
canic in origin, while others had been 
shaped and sculpted by Mars’ gentle but 
relentless wind. Still others must have 
been formed in the presence of liquid 
water. The rover also confirmed that Ares 
Vallis once was a flood channel, and it 


ALMOST FAMOUS 


Sojourner may have been the first rover to rove on Mars, but a quarter 
of a century earlier, the Soviet Union sent the very first rovers to the 
Red Planet as part of the Mars 2 and Mars 3 missions. 

These ProP-M “nano-rovers” didn't look like rovers as we think of 
them today. They were tiny, around the size of a large hardcover book, 
and weighed barely 10 pounds (5 kilograms). Essentially just small, 
square boxes with wide, flat skis instead of wheels, they were meant to 
be lowered from the landers, attached to the end of spindly, 6-foot-long 
(1.8 m) robot arms. The rovers would move around the landers at a tor- 
toiselike top speed of 3 feet (1 meter) per hour, still attached to a 


50-foot (15 m) tether. 


Unfortunately, neither rover was successful. The first was destroyed 
when Mars 2 crash-landed Nov. 27, 1971. A month later, Mars 3 reached 
the surface intact, but it stopped talking to Earth less than two minutes 
after landing, so it never fully deployed its rover. 


Sojourner's mission — the first to 
travel the surface of another planet. 
NASA merch and licensing fed into 
the excitement as well. auison KLesmaN 


sniffing the soil with its 
spectrometer nose. 
Compared to the ultra- 
high-resolution images 
now being sent back by Perseverance, 
these photos were little more than snap- 
shots taken by a disposable camera. But 
there’s still a charm about them that 
more modern images don't quite possess. 
Sojourner survived for 83 sols on 
Mars, and in that time it drove a dis- 
tance of nearly 330 feet (100 meters). At 
no point did it stray too far from the 
Pathfinder lander, which served as a 
relay station for signals coming from and 
being sent to Earth. Although crude 
compared to even the lowest-quality 
cameras carried by Curiosity and 


Figure 7: Rover 
that landed on 
Mars in 1971 


Future martian archaeologists may one day find the ProP-M dan- 


gling on the end of the lander's robot arm, just a few frustrating feet 
above the rocks and dust it was supposed to skitter across. —S.A. 
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Perseverance, Pathfinder’s cams were 
still quite capable. Using their close-up 
lenses, zoom functions, and multiple 
color filters, they, too, collected a wealth 
of data. Pathfinder also served as a mar- 
tian “weather station,” taking measure- 
ments on the wind, temperature, and 
air pressure at the surface. 


The Mars 2 and 3 rovers would have skied across the Red Planet's 
surface while tethered to their lander — had they ever gotten the chance. 


While the Pathfinder lander sported 
better cameras, Sojourner itself had only 
basic imaging abilities. The contrast between that 
first rover and the modern high-class science rovers 
is clear in images. ABOVE: Perseverance’s view of 
Santa Cruz hill in Jezero Crater in 2021. RIGHT: 
Sojourner’s view of Yogi rock in 1997. nasa/PL-caLTECH/ 
ASU/MSSS; NASA/JPL 


Perhaps most importantly, the 
Pathfinder mission and Sojourner proved 
it was possible to land and operate a 
rover on Mars. Everything worked. The 
airbags inflated and protected the pair as 
they bounced and boinged across the 
rocky martian surface. Sojourner rolled 
down its ramp and drove freely across 
the ground independently, not connected 
to Pathfinder by any tethers or electrical 
cables. And both the rover and lander 
went on to conduct valuable science, 
relaying images and data back to scien- 
tists on Earth — data that have been 
pored over for 26 years. 


It’s hard to pin down Sojourner’s final 
resting place. Although the rover was 
last seen in Pathfinder images located 
43 feet (13 m) away, Sojourner kept driv- 
ing after that. In December 2006, the 
Mars Reconnaissance Orbiter’s HiRISE 


camera snapped high-resolution images 
of Pathfinder’s landing site. The images 
showed the lander and its surroundings, 
as well as a cluster of pixels that could 
be Sojourner — but it also might be a 
pile of rocks. The images also showed 
something about 20 feet (6 m) away from 
Pathfinder, but it is not clear exactly 
what it is. Perhaps Sojourner did reach 
Pathfinder’s side and stayed there like a 
loyal friend until seeing its final sunrise. 
Unfortunately, we may never know — at 
least not until human explorers visit the 
area, if they ever do. 

Sojourner has largely passed out of the 


general public’s memory, but it left an 
indelible imprint on NASA and those 
who work there, and it paved the way for 
all the rovers that followed. While build- 
ing Perseverance, engineers fitted a long, 
dark plaque on its chassis. It was 
engraved with the silhouettes of the rov- 
ers that traversed Mars before it. Behind 
Perseverance is Curiosity, then Spirit and 
Opportunity. And at the very start of the 
line, paving the way for them all, is 
Sojourner. # 


Stuart Atkinson /s an amateur astronomer 
and writer who lives in England. 
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This artist's 
representation 
compares the size 
of exoplanet 
Kepler-422 b (left) 
with Earth. pxosnxigs6/ 
WIKIMEDIA COMMONS 
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Some scientists believe the universe is teeming 
with life. Others aren't so sure. BY KLAUS R. BRASCH 
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“Sometimes I think we're alone in the 
universe, and sometimes I think were 
not. In either case, the idea is quite 
StAYZETING. ” — arthur C. Clarke 


HUMANS HAVE WONDERED 
about life in the universe since antiqui- 
ty. Early Greek philosophers argued that 
the cosmos contained “a plurality of 
worlds.” Today we know that exoplan- 
etary systems are indeed ubiquitous, but 
the question now is: How common are 
planets that can support life? 

In 2000, paleontologist Peter Ward 
and astronomer Donald Brownlee of the 
University of Washington in Seattle 
penned a controversial book, Rare 
Earth: Why Complex Life Is Uncommon 
in the Universe (Copernicus). In it, they 
propose that Earth is an unusual world 
where complex life-forms developed 
over an extended period. They further 
assert that though simple, unicellular 
life may be abundant in the universe, 
complex life must be exceedingly rare. 

In sharp contrast, noted Harvard- 
Smithsonian Center for Astrophysics 
astrophysicist Avi Loeb passionately 
argues in his book Extraterrestrial: 

The First Sign of Intelligent Life Beyond 
Earth (Mariner Books, 2021): “Given 
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The green regions shown here represent 
the likely habitable zones around three 
types of stars with different temperatures. nasa 


the ubiquity of habitable planets, it is 
the height of arrogance to conclude that 
we are unique.” 

The debate about habitability and life 
in the universe remains wide open. In 
the past, astronomers spoke of finding 
“Goldilocks worlds” — planets in the 
habitable zone (HZ) of their stars, where 
the temperature was just right for liquid 
water on the surface. But the past two 
decades of research have shown that just 
because a planet lies in the HZ doesn't 
mean it’s necessarily habitable. 


The Goldilocks zone 

In Rare Earth, Ward and Brownlee 
suggest that for complex life to evolve, 
several requirements seem essential: a 
terrestrial-type planet of appropriate size 
with a stable orbit, inside the habitable 
zone of a stable star. In addition, the 
planet needs the right atmosphere, plate 
tectonics, and a large moon, and must 
reside within the right type of system. 


If most of these attributes, they argue, 
are not met or in place for several billion 
years, complex life is unlikely to appear. 

Scientists recognize two types of hab- 
itable zones: stellar and galactic. The 
first is the orbital region around a star 
where a planet can support liquid water 
on its surface. 

The second type is the galactic habit- 
able zone (GHZ), encompassing a region 
in the Milky Way in which a star meets 
other criteria for supporting complex 
life. This region is far from the galactic 
center, where star density is much higher 
than in the Sun’s location. Hence, Earth 
is not as exposed to potentially deadly 
supernovae and gamma-ray bursts detri- 
mental to complex life. 

The concept of the stellar habitable 
zone has changed since its introduction 
by astrophysicist Su-Shu Huang in 1959. 
He argued that the best candidates for 
hosting planets within habitable zones 
are probably F, G, and K stars, which 
range from about 0.6 to 1.6 times the 
mass of the Sun. While this assertion 
has pretty much stood the test of time, 
our Earth-centric perspective of habit- 
ability has since broadened significantly. 

As radio astronomer Alan Bridle 
of the National Radio Astronomy 
Observatory in Charlottesville, Virginia, 
succinctly puts it: “Habitable by what?” 
He asks, “Supposing sentient creatures 
had happily evolved in an ocean under 
the ice of Enceladus or Europa, would 
they be mystified by arguments that 
the HZ for water-dependent life does 
not extend as far as Mars?” 


The case for Rare Earth 
So, are Goldilocks worlds (like Earth) 
capable of fostering technologically 
advanced life-forms rare in our galaxy? 
When Rare Earth was published, only 
about 100 exoplanets had been found, 
most of which were easy-to-detect gas 
giants. What is the state of affairs two 
decades and some 5,000 planets later? 
Ward and Brownlee argue that the 
right type of star system for hosting 
complex life is one like ours, with a sin- 
gle main sequence star, rocky planets in 
its HZ, and an outlying gas giant like 
Jupiter. The Sun is G spectral class, 
which comprises about 9 percent of 
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The optimistic habitable zone is the range of 

distances at which a planet could maintain 
liquid surface water at some point in its history. 
The conservative habitable zone is the range in 
which a planet could host liquid water through 
most of its life. astrovomy: ROEN KELLY, AFTER CHESTER HARMAN/PHL 
AT UPR ARECIBO/NASA/JPL 


> | This diagram compares objects as warm as 
the Sun and as cool as Jupiter. An exoplanet 
in orbit around a brown dwarf would have to lie 
close to the star, possibly meaning that the planet 
would be tidally locked, where only one side faced 
the star at all times. astronomy: ROEN KELLY, AFTER MPIA/V. 
JOERGENS/WIKIMEDIA COMMONS 


hydrogen-burning stars in the Milky 
Way. M-class dwarf stars are the most 
common and longest-lived stars. 
However, they seem less suitable 
because they bombard their planets 
with radiation from stellar flares. 

Also, because the HZs around M 
dwarfs are relatively close in, planets 
there are subjected to tidal forces that 
lock their rotation, leaving one side hot 
and one side cold. Solar-type stars 
appear most suitable because their 
luminosity doesn’t vary as much, and 
they still have relatively long lives — 

4 billion to 10 billion years. Higher- 
mass stars are hotter and shorter lived. 

Other key components in the suppo- 
sition that Earths are rare are the pres- 
ence of Jupiter, our relatively large 
Moon, and plate tectonics. Because 
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Jupiter's gravitational influence 
deflected asteroids and comets away 
from the early inner solar system, it 
lowered the frequency of Earth impacts 
and allowed life to thrive and evolve. 
And the Moon plays a crucial role by 
keeping our planet’s tilt around 23°, 
which ensures seasonal cycles and 
ocean tides are not too extreme. Our 
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large satellite also generated tidal forces 
that induced plate tectonics in Earth’s 
crust. Those processes are thought to 
allow steady evolutionary change, 
allowing life to diversify and grow 
more complex. 

Also deemed crucial are liquid water 
and our planet’s magnetic field. Water, 
as we know, is vital for life on Earth. 


WWW.ASTRONOMY.COM 21 


Kepler-30 c 


14.4 


Kepler-14 b 


12.7 


14.7 


Kepler-18 d 


€ 


6.98 


Kepler-27 c 
7 
49 


Kepler-18 c 


5.49 


Kepler-32 c 


3.7 


Kepler-33 f 


3.83 


Neptune 


3.88 


Kepler-11 c 


. 
3.15 


Kepler-23 c 


3.2 


Kepler-28 c 


3.4 


Kepler-19 b Kepler-10 c 
« 4 
2.21 2.23 


Kepler-22 b 
. 
2.38 


Earth 
. 


0.87 1 


Kepler-20 e 


Kepler-20 f 


1.03 


The relative sizes of some of the first 

planets the Kepler mission discovered are 
displayed here. as7rowomy: ROEN KELLY, AFTER NASA/KEPLER 
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And our planet’s strong magnetic field 
shields its surface from harmful solar 
radiation and cosmic rays, so it likely 
facilitated the genesis of complex life. 

Collectively, these considerations 
lead some to view our situation as so 
unlikely that other planets with beings 
as intelligent as us are improbable. We 
may be alone in the galaxy. 


Despite the arguments outlined above, 
most researchers today either withhold 
judgment or disagree with notions that 
Earth is anomalous. The consensus is 
that we simply do not have enough data 
to understand how Earth-like planets 
form and evolve over time. 

Although astronomers have detected 
more than 5,000 exoplanets so far, the 
bulk of them come from NASA's Kepler 
mission. There are limitations to this 
sample: Kepler preferentially detected 
relatively large planets close to their 
stars, while rocky planets were less 
likely to be spotted. That skews the exo- 
planet statistics and likely undercounts 
the number of rocky worlds. 

Researchers have also questioned 
some of the major tenets of the Rare 
Earth hypothesis, like the scarcity of 
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moons like Earth’s. As University of 
Arizona astronomer Chris Impey points 
out in The Living Cosmos (Random 
House, 2007), even if the Moon is piv- 
otal for life on Earth, there is no a priori 
reason that such moons can’t form 
around other Earth-like planets. 

Opponents of the Rare Earth 
hypothesis have also suggested that the 
influence of a jovian planet in the solar 
system is far more uncertain than Rare 
Earth asserts. In a 2008 series of papers 
titled “Jupiter: Friend or Foe?” Jonti 
Horner of the University of Southern 
Queensland and the late Barrie Jones 
argue that rather than shielding Earth 
against external impactors, Jupiter had 
the opposite effect. Likewise, in a 2016 
paper, planetary physicist Kevin Grazier 
reported computer simulations that 
found that Jupiter tended to keep com- 
ets’ orbits from migrating outward, 
increasing the odds that they would 
collide with Earth. However, Grazier 
argues, this benefited life’s development 
in a different way — by delivering “life- 
enabling volatiles including carbon to 
the terrestrial planets.” 


Should we learn that planets like ours 
are indeed infrequent or unusual as 
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Rare Earth proponents maintain, where 
would that leave us? It has taken more 
than 4 billion years for Homo sapiens to 
appear. If such timelines are universal, 
then perhaps we are the first in the gal- 
axy to reach that status. 

This would explain the paradox 
posed by physicist Enrico Fermi in 
1950: If intelligent life is common in the 
universe, then where is everybody? It’s 
possible that intelligent civilizations are 
either rare or just emerging in the 
Milky Way and our searches should 
adjust for that possibility. 


The Rare Earth hypothesis leaves much 
room for speculation. We may have to 
rethink key factors. The first is the stan- 
dard notion of habitability that centers 
around liquid water and a solid plan- 
etary surface. We must expand this to 
include the prospect that life may thrive 
underground or in oceans under ice, as 
well as on moons orbiting planets. 
Second, our concept of life is by 
necessity Earth-centered, but that is 
clearly too narrow. Humans thrive in an 
aerobic environment, but several species 
of roundworms and crustaceans thrive 
in anoxic marine sediments, showing 
that aerobic respiration is not indispens- 
able for animals even on Earth. That is 


likely true on other worlds and raises 
the question of alternative life-forms. 

Third, we still need stronger data on 
how common Earth-like planets are in 
our galaxy. Presently only a handful of 
exoplanets fit the known criteria to be 
able to hold an Earth-like atmosphere. 
In a 2021 study, Giovanni Covone and 
colleagues at the University of Naples 
analyzed the efficiency of photosynthe- 
sis on potential Earth-like planets in the 
HZ. “This study puts strong constraints 
on the parameter space for complex 
life,” Covone said in a statement. 
“(U]nfortunately it appears that the 
‘sweet spot’ for hosting a rich Earth-like 
biosphere is not so wide.” However, a 
2020 NASA study suggested that about 
half of Sun-like stars could host poten- 
tially habitable rocky planets. Obviously, 
our picture is far from complete. 

Two additional factors regarding 
intelligence and survival of advanced 
civilizations are the anthropic principle 
and the Great Filter. First outlined 
in 1970, the anthropic principle 
attempts to define the credibility of 


In 1950, Italian-American physicist Enrico 

Fermi posed a question that has been 
called his paradox: “But where is everybody?” 
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Compare the habitable zones of the 

Kepler-22 system and our solar system: 
Exoplanet Kepler-22 b, which lies 15 percent 
closer to its star than Earth is from the Sun, takes 
289 days to complete one orbit. nasa/ames/spL-caLTECH 
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Solar system 
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our observations of the universe, given 
that we can only exist in this particular 
universe. Our existence would not be 
possible if the laws of physics were 
incompatible with the development of 
sentient life. This reasoning has been 
used to advance the notion that the uni- 
verse is somehow fine-tuned for life. 
The Great Filter, in a nutshell, posits 
that we might be alone because there 
are so many improbable steps in the 
evolution of higher intelligence that 
it is unlikely to occur multiple times. 
Coupled with our potential to self- 
destruct, perhaps that’s why technologi- 
cally advanced civilizations are rare or 
don’t last long, thereby explaining the 
Fermi paradox. 


Habitable zone 
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Earth 


Planets and orbits to scale 


In their soon-to-be-published new book, 
The Rare Earth Hypothesis, Ward and 
Brownlee double down on their thesis 
with what they consider even stronger 
supporting evidence. They posit that 
“from what we know now, rare might 
not be a restrictive enough word for 
describing the frequency of complex 

life in the Cosmos.” Their conclusion 

is based on comparisons of most of the 
exoplanetary systems so far character- 
ized and that “no potentially habitable 
planet will remain so for long in almost 
every case without several crucial 
aspects.” Foremost is an ability to main- 
tain a temperature allowing the exis- 
tence of liquid water for almost unimag- 
inable periods of time — which, they 
maintain, is perhaps the most important 
aspect of life-supporting planetary sys- 
tems. The authors also state that had 

a body the size of Comet Hale-Bopp 
(C/1995 Ol) struck us, “there probably 
would not be a single microbe alive on 
Earth right now, let alone animals.” 

In a paper titled “The Astrobiological 
Weak and Strong Limits for Intelligent 
Life,” astronomers Tom Westby and 
Christopher Conselice of the University 
of Nottingham attempt to estimate how 
many communicating civilizations 
might exist in our galaxy at any given 
time. Deriving models that assume an 
average lifetime of such civilizations as 
100 to 200 years (based on our own 
ascent to radio communications capa- 
bility), they conclude that, optimisti- 
cally, there might be as many as 928 
such civilizations within some 3,300 
light-years. More pessimistically, there 
might only be 36 within 17,000 light- 
years. Clearly, in our effort to assess 
whether Earth, and by extension 
humanity, is exceptional in the cosmos, 
no firm conclusions are possible. 

Only time will tell, although current 
evidence strongly implies that a Star 
Trek depiction of abundant civilizations 
in the galaxy must remain in the realm 
of science fiction. # 


Klaus R. Brasch is professor emeritus of 
biology at California State University in San 
Bernardino and a longstanding contributor to 
the public program at Lowell Observatory. 
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ASTERISMS ARE A GROUP OF 


stars with similar brightness that form 
a recognizable shape or pattern but 
don't define a specific constellation. 
Among the Northern Hemisphere’s 
best-known asterisms are the Big 
Dipper and Little Dipper, the Square 
of Pegasus, and the Summer Triangle. 


EXPLORE | 


The Summer Triangle, 
which rides high overnight at 
this time of year, holds great 
interest for observers. This 
large asterism covers an area 
of roughly 415 square degrees 
— more than 2,000 Full 
Moons would fill it. Its points 
are marked by Vega in Lyra, 
Deneb in Cygnus, and Altair 
in Aquila. Each is bright 
enough to see under light- 
polluted skies (magnitudes 0, 
1.3, and 0.8, respectively). In 
addition to the constellations 
housing those anchor points 
— Cygnus, Aquila, and Lyra 


— portions of Sagitta and 
Vulpecula also lie within the 
asterism. 

If you venture out of the city 
and find dark skies, you will 
see that the Summer Triangle’s 
interior is filled with the rich 
star field of the Milky Way, 
including the Cygnus Star 
Cloud, one of the brightest 
portions of the Milky Way in 
the Northern Hemisphere. 
The Great Rift, a complex of 
dust clouds, stretches diago- 
nally through the Summer 
Triangle like a dark zipper. 

The three bright stars that 
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The Summer Triangle is 
an observer's paradise. 
BY ALAN GOLDSTEIN 
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excellent, NGC 6791 should 
be visible in smaller instru- 
ments, even if detail isn’t 
good. This cluster is about 
8 billion years old and many 
of its stars contain anoma- 
lously large amounts of met- 
als (elements heavier than 
helium) — an astronomical 
paradox, since older stars are 
normally metal-poor. 

§ NGC 6819 lies 
about 60 percent of the way 
along a line running from 
Vega to Sadr (Gamma [y] 
Cygni), closer to Sadr. At 
magnitude 7.3, it is visible in 
a small telescope, though the 
star count increases signifi- 
cantly between 6-inch and 
10-inch apertures. Two lines 
of stars form an hourglass 
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The vaguely X-shaped 

NGC 6830 is an open cluster 
near the Dumbbell Nebula in 
Vulpecula. pan crowson 


shape with the greatest den- 
sity in the middle. This mod- 
erately rich cluster is located 
9,000 light-years away and is 
about half the age of the Sun. 
®@ NGC 6910 sits 0.5° 
north of Sadr, making it one 
of the easiest clusters in 
Cygnus to locate. At magni- 
tude 7.5, this Y-shaped group 
is poor, with about twenty 
9th-magnitude stars visible 
in 6- to 8-inch instruments. 


It contains about 70 members 
and is situated in the midst of 


a complex cloud of hydrogen 
and dust, the brightest parts 


A poorly populated cluster, 
M29 (NGC 6913) is the only 
Messier object in Cygnus that 
falls within the Summer 
Triangle’s bounds. ricHarD HAMMAR 


of which are designated IC 
1318. It forms the core of the 
Cygnus OB9 Association 
and is located 5,600 light- 
years from us. 

@ M29 (NGC 6913) 
is one of two Messier objects 
in Cygnus. The other, M39, 
lies outside the Summer 
Triangle. While M29 is one 
of the brighter clusters in the 
area at magnitude 6.6, it’s 
poorly populated, with only 
about 50 to 80 members. At 
an estimated 10 million years 
in age, it is also one of the 
younger clusters in the sky. 
M29 is part of the Cygnus 
OB1 Association, an aggre- 
gate of very luminous B-type 
stars. (Think Rigel in Orion.) 


Dust clouds in the region have 
dimmed these blue giants con- 
siderably; otherwise they 
would form a bright naked-eye 
object even at their distance of 
some 5,200 light-years. The 
cluster is a mere half-degree 
from the galactic plane. 

@ NGC 6883 in Cygnus 
has about two dozen 8th- 
magnitude stars within an 
area roughly 11' across. If this 
group was located far from the 
richness of the Milky Way, it 
would be easier to observe. 
Instead, it is about 1° from the 


galactic plane, in an area rife 
with foreground and back- 
ground stars. This makes it 
challenging to distinguish 
NGC 6883's members from 
the clutter. A 9th-magnitude 
double star forms the center, 
with 7th- to 9th-magnitude 
stars scattered around it. The 
emission and dark nebulae 
surrounding the cluster 
make it a wonderful target 
for astrophotographers. 
NGC 6883 is about 
4,500 light-years 
distant. 

§ NGC 6834 
can be found about 5° 
east-northeast of 
Albireo (Beta [f] 
Cygni). At 10,700 
light-years away, this 
magnitude 7.8 group 
is dimmed by inter- 
stellar dust. The clus- 
ter is visible in a good 
finder scope or bin- 
oculars; look for 25 
stars in an area 6 
across. As clusters go, 
NGC 6834 is young 
— somewhere around 
65 million years old. 

If the cluster isn’t a 
challenge for you, 
scan for the planetary 
nebula NGC 6842, 
located 38' to the east- 
southeast. It’s got a 
low surface bright- 
ness, requiring optics larger 
than 12 inches and a really 
good night to be seen well. 

@ NGC G885 lies at 
the very edge of the triangle. 
It surrounds 6th-magnitude 
20 Vulpeculae in a rough 
oval, with more members to 
the west. In an 8-inch scope, 
30 stars cover an area about 
15' across. This cluster is a 
bit of a curiosity. Open clus- 
ter NGC 6882 is a slight con- 
centration of faint stars 
within the same field, just 
northwest of NGC 6885. 
Some references consider 
NGC 6882 a duplicate 


observation of NGC 6885 
by William Herschel, 
though modern catalogs 
indicate they are separate. 
Johann Bayer’s Uranometria 
notes NGC 6882 as slightly 
concentrated, while NGC 
6885 is not. What do 


you see? 

@ NGC 6823 in 
Vulpecula is a magnitude 7.1 
galactic cluster with 30 stars 
about 9th magnitude and 


fainter. Also known as the 
Vulpecula OB1 Association, 
it’s a concentration of very 
young, very hot stars. The 
group is embedded in an 
emission nebula with a low 
surface brightness, known 
as Sh 2-86. Nearby is the 
small reflection nebula 
NGC 6820. Hubble photos 
show a region resembling 
the Pillars of Creation in the 
Eagle Nebula, as stellar 
winds sculpt the hydrogen 
cloud and reveal trunks and 
globules of dust. Located 
about 7,600 light-years away, 
the group spans about 50 


light-years but appears only 
12' across in your eyepiece. 
® NGC 6830, also in 
Vulpecula, is about 2° west- 
northwest of the Dumbbell 
Nebula (M27). This faint 
cluster (magnitude 7.9) is 
about 7,800 light-years away. 
The brightest stars form an 
X. Fainter members are best 
seen under skies with mini- 
mal light pollution, using a 
10-inch or larger telescope. 


In this narrowband image, 
processed in the Hubble 
Palette, cluster NGC 6823 
lies to the upper left of the 
tip of a pillar (or trunk) of 
dense dust within the 


nebula NGC 6820. cHuck avous 


®@ NGC 6802 is the 
richest cluster on this list 
— though there isn’t much 
to see in smaller telescopes. 
At magnitude 8.8 it is 
extremely easy to find, 
located on the eastern edge 
of the Coathanger asterism. 
Try using an 8- to 12-inch 
telescope to see the compact 
3'-diameter group well. The 
brightest members are just 


brighter than 13th magnitude. 
NGC 6802 has an unusual 
box shape aligned north- 
south. It lies about 9,000 light- 
years away, making it one of 
the more distant targets on 
our list. 

§ NGC 6940 in 
Vulpecula is not inside the 
Summer Triangle, but is an 
honorable mention because it 
lies closer to Earth and shines 
brighter than any cluster on 
this list. It contains 
over 100 stars at 9th 
magnitude or fainter 
filling an area about 
25' across. Look for a 
number of close mul- 
tiple stars within the 
cluster. How many 
of the red giant 
members can you see? 
The brightest, FG 
Vulpeculae, varies 
from magnitude 9 to 
9.5 every 86 days. This 
cluster lies about 3.5° 
southwest of the Veil 
Nebula, a spectacular 
supernova remnant. 

The Summer 
Triangle offers many 
wonderful objects to 
observe. Once you've 
enjoyed its open clus- 
ters, there are myriad 
choices to continue 
your exploration. 
Large numbers of 
double and multiple stars, of 
which Albireo is the most 
famous, reside in this great 
asterism. Wide-field apertures 
will show numerous star- 
forming nebulae. Dark nebu- 
lae counter the sparkle of stars 
and the glow of hydrogen gas. 
And if you tire of stellar birth- 
places, look for geriatric suns, 
as planetary nebulae abound. 

From star birth to death 
and darkness to light, the 
Summer Triangle has it all. a 


Alan Goldstein /s a /ongtime 
observer of the skies and a 
frequent Astronomy contributor. 


WWW.ASTRONOMY.COM 27 


SKY THIS MONTH 


THE SOLAR SYSTEM'S CHANGING LANDSCAPE AS IT APPEARS IN EARTH'S SKY. 
BY MARTIN RATCLIFFE AND ALISTER LING 


JULY 2023 


@® Visible to the naked eye 
AD Visible with binoculars 
x Visible with a telescope 


Planets at dusk and dawn 


put on an evening 


show — try and spot them both 
soon after sunset during eve- 
nings in late July. Much fainter 
Mars also joins in. Set against 
Leo the Lion and its bright star 
Regulus, these three planets are 
the first objects to view this 
summer. The predawn sky is 
best for Saturn — which rises 
soon after sunset — and its 
giant neighbor Jupiter, appear- 
ing after midnight. You can 
also spot Uranus and Neptune 
in binoculars, both easy catches 
for an early-morning observing 
run. 

Starting in the evening sky, 
the two innermost planets of 
the solar system, Venus and 
Mercury, provide a good show 
in July. Summer nights are a 
perfect time for comfortable 
evening viewing, and these two 
targets don’t disappoint. 

Venus reaches its greatest 
illuminated extent July 7, when 
its 26-percent-illuminated 
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crescent shines at magnitude 
-4.7. It sets two hours after the 
Sun, so the brilliant planet 
remains in the western sky well 
into a dark evening. Throughout 
the month, a telescopic view 


shows the apparent size of 
Venus growing from 34" to 54". 
Venus and Mars lie near 
each other against the backdrop 
of Leo. On July 1, Mars is 3.6° 
east of Venus and shines a much 
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July 9, 1 hour after sunset 
Looking west 
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Regulus e® Mars 
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Venus and Mars play tag through Leo the Lion this month. On July 9, Mars 
stands due north of Regulus, adding an extra point of light to the Sickle. 
Mercury will join in by late July. act itustrations: ASTRONOMY: ROEN KELLY 


ABOVE: Taurus the Bull, with its 
Hyades and Pleiades star clusters, 
rules the summertime morning sky as 
a beautiful backdrop for the planets. 
Here, the Moon rises beside the red 
giant Aldebaran. atan per 


fainter magnitude 1.7. Regulus, 
at magnitude 1.4, is the bright- 
est star in Leo and sits some 5° 
southeast of Mars. Both Mars 
and Venus move eastward and 
by July 9, Mars sits 45' due 
north of Regulus. Venus stands 
4.7° west of the pairing. Mars is 
a tiny 4" across as it continues 
its slow journey on the far side 
of the solar system from Earth. 
Venus continues eastward 
but never makes it to Regulus 
and instead begins to dip lower 
in the western sky. By July 20, a 
crescent Moon joins the beauti- 
ful twilight scene, standing 4.5° 
east of Regulus, while Venus lies 
3.9° southwest of the star. 
Mercury, meanwhile, stands 
11.4° northwest of Venus on 
this date, shining at magnitude 
—0.4. Mercury remains up for 


RISING MOON | Old lava, fresh craters 


MARS stands just 45' north 
of Regulus in Leo on the 
evening of July 9. 


OO’ 


an hour after sunset; this is a 
great evening to observe the 
nearest planet to the Sun. 

Mercury makes quick prog- 
ress east and stands 5.5° due 
north of Venus on July 25. Now 
at magnitude -0.1, the smaller 
planet is an easy object in twi- 
light. Mars is now just over 12° 
east of Venus, and Leo’s Sickle 
asterism punctuates the fine 
evening scene as darkness falls. 

On July 28, Mercury — at 
magnitude 0 — stands less than 
10' from Regulus. Catch it as 
soon as the sky darkens, as the 
pair sets an hour after the Sun 
and becomes very low quite 
quickly. By the end of July, 
Venus sets within 25 minutes 
of sunset, only allowing a short 
window to catch it. Mercury 
soon succumbs to twilight as 
well, with this apparition more 
favorably seen from the equator 
and Southern Hemisphere. 

Saturn rises along with the 
stars of Aquarius the Water- 
bearer around 11:30 P.M. on 
July 1, and by a couple of hours 
earlier at the end of the month. 
It starts July at a respectable 
magnitude 0.7, brightening by 
0.2 magnitude during the 
month and outshining the 
1st-magnitude 
star Fomalhaut 
to its south 


SOUTHERN DELTA 


CONSIDER DOING alittle sidewalk astronomy 
this month to show off Luna to those who've 


never seen it before. Whether it’s July’s first or last 


weekend, or while waiting for the fireworks to 


start, newcomers will gasp at the most impressive 
feature near Full Moon: Tycho and its magnificent 


ray system. The long lines were formed from the 
splash of a high-energy impact that excavated 
the lunar regolith and spread it outward. 

Take note of the dark ring of melt products 
immediately surrounding the 53-mile-wide 
crater. Then let your eye naturally follow its 
longest ray to the northeast, where it 
splits the Sea of Serenity in near 
perfection. 

The bright circular crater at the 
south edge of Serenity is the 15-mile- 
wide Menelaus. Its sharp edges and 
light-hued apron of debris are character- 
istics of relative youth, just like the smaller 
Bessel farther up the long stream. It seems as if 
Bessel disrupted the spray as it was spreading 
out, creating a sheltered spot on its north side, 
but it’s tough to be sure since other rays are bro- 
ken without an immediate crater nearby. 

Now look carefully at the surrounding lava. 
The darkest shade is the oldest, estimated at 
3.8 billion years, while the lighter layer with a 
different composition that lies just to the north 


Serenity, Menelaus, and Bessel 
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The long rays of southern crater Tycho 
reach as far away as the Sea of Serenity. 
CONSOLIDATED LUNAR ATLAS/UA/LPL. INSET: NASA/GSFC/ASU 


clocks in at closer to 3 billion. Can you see more 
white flecks (tiny impact craters) in the darker, 
older zone? 

Astronomers have discovered that rays and 
aprons darken over time, due to the ceaseless 
solar wind and its energetic particles that micro- 
scopically sandblast the surface. 


METEOR WATCH | Summertime meteors 


Southern Delta Aquariid meteor shower <> 
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July 30, 1 hour before sunrise 


Looking southwest 


your location, the amount of street 
lighting, the moonlight, and the radi- 
ant’s altitude. Typically, rates increase 
in the early morning, when you're 

on the leading hemisphere of Earth’s 
orbital path. 

The Southern Delta Aquariids are 
active from July 12 through the first 
three weeks of August. The meteor 
stream may produce 25 meteors per 
hour at the peak on July 30 if the sky is 
clear and the radiant is overhead. The 
radiant is near 3rd-magnitude Skat in 
Aquarius. From North America, the 
radiant climbs to 25° high in the hour 
before dawn, reducing rates to under a 
dozen per hour. Try observing the few 
nights before the end of the month, 
because a bright Moon lingers all eve- 


SUMMER IS AN IDEAL TIME to 
relax under a starry sky and watch 
for meteors. A number of minor 
showers are active in July. Visible 
meteor rates heavily depend on 


: i AQUARIID METEORS The Southern 
in Piscis Active dates: July 12-Aug.23 Delta Aquariids 
Austrinus. The Peak: July 30 ie fal will 
7 ajifect meteor 
planet is well | Moon at peak: Waxing a. bareuaie 
— Continued on gibbous shower members 
page 34 | Maximum rate at peak: will prevail. 


25 meteors/hour 


ning until the last few hours before 
dawn on the 30th and 31st. 

Adding in any early Perseids could 
make the experience excellent for 
those venturing outside in the warm 
weather. 
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HOW TO USE THIS MAP 
This map portrays the sky as seen 
near 35° north latitude. Located 
inside the border are the cardinal 
directions and their intermediate 
points. To find stars, hold the map 
overhead and orient it so one of 
the labels matches the direction : : . 
you're facing. The stars above 
the map's horizon now match 
what's in the sky. 
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; * + |dON ° 


The all-sky map shows 
how the sky looks at: 


midnight July 1 
11 p.m. July 15 
10 p.m. July 31 


Planets are shown 
at midmonth 


. a \ ae 
MAP SYMBOLS wre \ e e ~ oe . // Qs, =—* ae Qz2<* . e*- 
“2 Open cluster e : : 
[=4 
Globular cluster | ° ° 
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C) Diffuse nebula 
> Planetary nebula 
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Galaxy 


STAR 
MAGNITUDES 


@ Sirius 

@ 0.0 * 3.0 
® 10 * 4.0 
e 2.0 + 5.0 


STAR COLORS 


A star's color depends 
on its surface temperature. 


= The hottest stars shine blue 2 MO + o>... 

= Slightly cooler stars appear white Qe "Co , * i 1 * 
= Intermediate stars (like the Sun) glow yellow Be AusiONA AP Pate 4 a 
™ Lower-temperature stars appear orange a °@ \ #Al,, ‘. NGC Cz . 
™ The coolest stars glow red eer het = 

rT 


Fainter stars can’t excite our eyes’ color 
receptors, so they appear white unless you 
use optical aid to gather more light 


BEGINNERS: WATCH A VIDEO ABOUT HOW TO READ A STAR CHART AT 
www.Astronomy.com/starchart. 
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CALENDAR OF EVENTS 


1 Mercury is in superior conjunction, 1 A.M. EDT 


ea 
\ 


Neptune is stationary, 9 a.m. EDT 
3 é Full Moon occurs at 7:39 a.m. EDT 
4 The Moon is at perigee (223,786 miles from Earth), 6:25 p.m. EDT 
Earth is at aphelion (94.5 million miles from the Sun), 4 p.m. EDT 


a 
8 


Pe 

i 

> 
Le We 


= 
: edn a The Moon passes 3° south of Saturn, 11 p.m. EDT 
. —— ‘a ; P 
@ °* : 7 Venus is at greatest brilliancy (magnitude -4.7), 10 a.m. EDT 
‘ Asteroid Eunomia is at opposition, 4 p.m. EDT 
. e et 
P 8 The Moon passes 1.7° south of Neptune, 10 a.m. EDT 
a ®. . . _ Last Quarter Moon occurs at 9:48 p.m. EDT 
f a 10 Mars passes 0.7° north of Regulus, 4 a.m. EDT 
* @ 
i o 11 — The Moon passes 2° north of Jupiter, 5 p.m. EDT 
: 12.‘ The Moon passes 2° north of Uranus, 2 p.m. EDT 
Z ‘ é _ New Moon occurs at 2:32 p.m. EDT 
fe) . 
P a . The Moon passes 4° north of Mercury, 5 a.m. EDT 
° * 4 


20 =‘ The Moon is at apogee (252,456 miles from Earth), 2:57 a.m. EDT 
The Moon passes 8° north of Venus, 5 a.m. EDT 
Venus is stationary, 7 p.m. EDT 
The Moon passes 3° north of Mars, midnight EDT 

21 ~_—~ Pluto is at opposition, midnight EDT 

25 Hy] First Quarter Moon occurs at 6:07 p.m. EDT 

26 Mercury passes 5° north of Venus, 9 a.m. EDT 

28 Mercury passes 0.1° south of Regulus, 9 p.m. EDT 

30 Southern Delta Aquariid meteor shower peaks 
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Asteroid Eunomia reaches 
opposition July 7 
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‘| Pluto appears at its best 
for the year in July » 6a 
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Moon phases Dawn Midnight 
SPCC CCOECHOHeS CO OO 
i) 18 17 16 15 14 13 12 11 iT) 9 8 7 6 5 4 3 2 
To locate the Moon in the sky, draw a line from the phase shown for the day @ ? é 
straight up to the curved blue line. 
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THE PLANETS  @uranus 
IN THEIR ORBITS / \ 


Arrows show the inner 
planets’ monthly motions 
and dots depict the 
outer planets’ positions 


Jupiter 


Neptune 


: : Saturn, 
at midmonth from high 
above their orbits. - 
10 
/ 
A 
- Mercury 
P 
a Pluto r a 
— Opposition is | 


July 21/22 


Mercury 

| Superior conjunction 
is July 1 

Date July 31 July 15 
Magnitude 0.1 -47 
Angular size 65" 41,8" 


IIlumination 63% 20% 
Distance (AU) from Earth 1.038 0.400 
Distance (AU) from Sun 0.451 0.727 
Right ascension (2000.0) 10h18.3m 9h54.7m 
Declination (2000.0) 10°37' 10°47' 


_| Earth 
‘| Aphelion is July 6 
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This map unfolds the entire night sky from sunset (at right) until sunrise (at left). Arrows Ss ay LY 2023 
and colored dots show motions and locations of solar system objects during the month. 
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_} Venus shines brightest 
on evenings in early July 


MON 
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JUPITER'S 8 CS. 
MOONS \) 
Dots display . se 
positions of 
Galilean satellites 10 
at 4 a.m. EDT on 
the date shown. 11 
Early evening South is at the 
top to match the 12 
> view through a 
1 telescope. 13 
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16 
THE PLANETS IN THE SKY 
Jupiter These illustrations show the size, phase, and 17 
orientation of each planet and the two brightest 


dwarf planets at Oh UT for the dates in the data 18 
table at bottom. South is at the top to match the 
view through a telescope. 19 


Saturn 


Mars 22 
Uranus Neptune 
a Ceres Pluto 
)- « : 
© 4 x - 
24 
MARS CERES JUPITER SATURN URANUS NEPTUNE PLUTO = 


July 15 July 15 July 15 July 15 July 15 July 15 July 15 26 
1.8 8.7 -2.3 0.6 5.8 77 15.0 
41" 0.5" 37.9" 18.3" 20° 2.3" 0.1" 

96% 96% 99% 100% 100% 100% 100% 28 


2.292 2.710 5.201 9.032 20.128 29.470 33.800 
1.656 2.629 4,960 9,785 19.640 29.908 34.808 

10h19.2m 12h36.2m 2h36.6m 22h34.7m 3h18.4m 23h52.1m 20h06.8m 30 
11°37' 4°55' 14°05' -10°46' 17-57 -2°13' -22°59' 
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t signpost 


Saturn 


Mimas 
«Tethys 
July 14, 3 a.m. EDT 


lapetus 


- Enceladus 


Track lapetus as it passes close to Saturn midmonth. On the morning of the 
14th, the two-toned moon lies due west of brighter Titan. 


placed for observation in the 
southern sky a few hours after 
midnight in late July. 

Telescopic views of Saturn 
reveal its 18"-wide disk sur- 
rounded by the stunning ring 
system that spans more than 
double that width. The ring tilt 
reached a minimum for the 
year last month at 7.3°; it opens 
a little to 8.1° by July 31 asa 
result of Earth’s motion relative 
to Saturn’s orbital plane. More 
generally, the rings are narrow- 
ing to an edge-on view in 2025, 
but exhibit a small annual fluc- 
tuation as Earth rides around 
the Sun every year. 

Saturn's brightest moon, 
Titan, shines at magnitude 8.5. 
It stands north of the planet 
overnight on July 6/7 and 22/23, 
and south on July 14/15 and 
30/31. Other moons are fainter 
and closer to the planet and 
rings, shining between 9th and 
11th magnitude. 

Iapetus reaches superior 
conjunction July 13. In early 
July, it is moving from its late 
June western elongation — 
when it was brightest — and 
getting closer to Saturn as it 
fades to 11th magnitude, a 
result of its darker hemisphere 
turning earthward. Usually far 
from Saturn, Iapetus passes a 
mere 36" south of the planet on 
July 13, then on the following 
morning stands less than 30" 
due west of Titan, offering an 
easy guide to spot this faint 
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moon. Don’t confuse the moon 
with a magnitude 10.5 field star 
1.5' due west of Saturn and due 
north of Iapetus on July 11. 

Try following Iapetus from 
night to night as it moves east of 
Saturn in the latter half of July. 
As it wanders farther from the 
planet, it become harder to 
identify. It reaches eastern 


elongation on the first day of 
August, when it stands 9' from 
the planet and has faded by a 
magnitude. 

Neptune rises shortly after 
midnight early in July and is 
well placed for viewing before 
dawn. It reaches a stationary 
point July 1 and then moves 
westward only one-third of a 
degree all month. It’s located 
4.7° southeast of Lambda (A) 
Piscium and shines at magni- 
tude 7.7. This places it within 
reach of binoculars held with a 
steady pair of hands or, better 
yet, mounted on a solid tripod. 

Two stars, 5th-magnitude 
20 Piscium and 6th-magnitude 
24 Piscium, lie south of 
Neptune’s path. The distant 
planet forms a triangle with the 
pair that changes shape slightly 
from night to night, reflecting 


aturn’s moon Iapetus grows fainter as it 
moves from west to east and its darker side 


turns earthward. 


WHEN TO 
VIEW THE 
PLANETS 


EVENING SKY 
Mercury (west) 
Venus (west) 
Mars (west) 


MIDNIGHT 
Saturn (east) 
Neptune (east) 


MORNING SKY 
Jupiter (east) 
Saturn (south) 
Uranus (east) 

Neptune (south) 


Neptune’s motion against the 
background star field. Another 
star equaling Neptune’s glow 
and easy to mistake for the 
planet lies in the same region 
— Neptune is the northernmost 
object. A telescope under steady 
seeing conditions might render 
the tiny, bluish, 2"-wide disk 
visible. 

It’s a short hop east to the 
next constellation along the 
ecliptic, Aries, which now 


COMET SEARCH | Prepare for a parade 


THE REWARD for observing 
faint comets is to have our eye 


and brain trained up to scout out 
subtle detail, shading, and form, 


ready to pick apart the brighter 
ones. And they're coming. In 


Comet 237P/LINEAR 7 


*” Nac 6790 


August, 8th-magnitude C/2021 T4 
(Lemmon) takes the lead, yielding : F ‘ 
to 7th-magnitude 103P/Hartley2 | aBige * was  @* 
in November, and possibly three hea AS 
binocular comets in the spring! 

For now, Comet 237P/LINEAR 
takes a swipe at Aquila’s eastern 
wing, sliding from just below 
Eta (n) to Delta (5) Aquilae at the 
Eagle’s heart. Unless it’s suddenly 
active, the distant comet is likely 
around 11th magnitude, a bit of 
a challenge for an 8-inch under 
decent country skies. As a 
warmup, go for 9th-magnitude globular star cluster NGC 6760, about 4° southwest of Delta. 

Push the magnification to 150x or more. Both objects are fairly small and easily lost in the crowded 
Milky Way. Give yourself time to really adapt to the darker field; consider using a towel or your hoodie to 
shield yourself from the too-bright red of your tablet or chart light. Compare and contrast the non-stellar 
shapes and brightness profiles of both the comet and the cluster. 


. CRB 
NGC :- 


6760 


Comet 237P/LINEAR carves its way through Aquila this month. Compare its 
appearance with that of nearby NGC 6760. 
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Aldebaran 


July 12, 1 hour before sunrise 
Looking east 


. Hyades 


* ERIDANUS 


The morning sky holds several naked-eye delights in mid-July. Uranus, at 
magnitude 5.8, will require binoculars or a telescope to spot. 


contains Jupiter. The brilliant 
planet changes this region of 
sky significantly as it reaches 
magnitude -2.4 by the last day 
of July. A waning crescent 
Moon wanders past on July 11th 
and 12th. The gas giant rises at 
2 A.M. on July 1 and just after 
local midnight on July 31. This 
places it some 35° high in the 
east as dawn begins. Jupiter 
moves 4° east during the month, 
ending July 12.5° southeast of 
Hamal, the brightest star in 
Aries. 

Swing your scope toward 
Jupiter for great views of its dual 
dark equatorial belts, which 
carry spots around the planet in 
less than 10 hours. The world’s 
constantly changing appearance 
attracts observers and it’s a good 
time to get in on the action. The 
Great Red Spot appears occa- 
sionally if the right hemisphere 
is facing Earth. The stable air of 
early mornings can offer out- 
standing views that evening 
observations following the heat 
of the day rarely provide. 

Joining Jupiter is its familiar 


retinue of four Galilean moons. 
These moons orbit with periods 
ranging from about two to 

17 days. In addition to their 
changing relative positions, they 
also transit the face of Jupiter or 
are occulted by the planet’s disk. 
The observing window for these 
events is growing as Jupiter 
approaches opposition in a few 
months’ time. 

Two events are noteworthy 
this month. On July 11, Io and 
its shadow transit the globe of 
Jupiter, starting with the moon’s 
shadow at 4:35 a.m. CDT, fol- 
lowed by Io itself at 4:51 a.m. 
CDT. Both track across Jupiter 
into the dawn sky. 

Ganymede joins Io in the 
action July 19. First the larger 
moon transits Jupiter’s south- 
ern polar region starting at 
3:23 a.M. EDT and ending over 
an hour later, at 3:55 a.m. CDT 
(note the time change — this is 
after sunrise on the East Coast). 
As the transit begins, notice Io 
off the northwest limb of 
Jupiter. Just minutes after 
Ganymede’s transit begins, the 


GET DAILY UPDATES ON YOUR NIGHT SKY AT 
www.Astronomy.com/skythisweek. 


smaller moon enters the plan- 
et’s long shadow, which prior to 
opposition extends west of the 
planet, becoming eclipsed at 
3:46 A.M. EDT. 


about 11° east of Jupiter and 9° 
southwest of the Pleiades (M45) 
in the predawn sky. By 4 A.M. 
you can find it low in the east 
just as Taurus has cleared the 
horizon. It’s an easy binocular 
object shining at magnitude 

5.8 and due south of a small 
semicircular arc of 4th- and 
5th-magnitude stars. 


ice giant on the morning of 


LOCATING ASTEROIDS | 


Into the distance 


1 CERES HANGS ON for one last month, a decent telescopic 
target from the suburbs. It seems to drop into the Sun’s evening 
skyglow, but it’s actually Earth’s faster speed on our inside track 
that appears to shift the Sun between us. 

Start at blue-white Spica in the southwest at dusk and jump 
halfway to magnitude 2.1 Denebola at the tail of Leo. Use the 
yellowish magnitude 3.4 Delta (5) Virginis as your anchor. Drop 
in a wide-field eyepiece that gives a field of view about a degree 
across and leverage the easy patterns of bent sticks and pointy 
triangles to make your way westward to the dwarf planet's loca- 
tion on the chart. 

Glowing modestly at magnitude 8.8, Ceres will sometimes be 
the brightest dot in the field, though more often it will rank third 
or fourth. Avoid the 23rd, when the waxing Moon passes by. The 
600-mile-wide world takes four nights to drift 1°, so you can easily 
make a sketch of five dots and come back another night to pick 
out which one has moved. Ceres is almost alone for the first five 
nights of the month, and again around the 12th. This far from the 
summer Milky Way, the background is much sparser, which 
should boost your confidence for a correct ID. 


\ 
NGC 4535<¢> 


*NGC 4526-— * M49 NGC 436 


July 1 


- 20 e« 
. CNGC 4636 


Ceres remains in Virgo, surrounded by few stars but several 
extragalactic sights. 


July 12, when Uranus stands 
less than 4° due west of Luna 
in the growing twilight. It’s a 
pretty sight with Jupiter, M45, 
the Hyades, and Aldebaran 
joining in. Uranus is a chal- 
lenging object to view with a 


Uranus is located in Aries 


turbulence of our atmosphere 
often spoils the image. # 


telescope, since the low-altitude 


Martin Ratcliffe is a 
planetarium professional with 
Evans & Sutherland and enjoys 
observing from Salt Lake City. 
Alister Ling, who lives in 

A crescent Moon joins the 
watcher of the skies. 


WWW.ASTRONOMY.COM 35 


Edmonton, Alberta, is a longtime 
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i, The next 

] generation of 
astronomy 
depends on 
astronomers 
and artificial 
intelligences 
working together. 
BY ASHLEY SPINDLER 
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PREVIOUS PAGES: 
Artificial intelligence 
is crucial to helping 
astronomers make 
sense of the flood of 
data that is coming 
their way from next- 
generation surveys. 
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ILLUSTRATION BELOW: 
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Al LINGO 


hroughout the his- 
tory of astronomy, 
the development 
of new tools and techniques 
has always aimed at allow- 
ing us to do more — observe 
more, analyze more, explore 
more. But as the next gener- 
ation of astronomy becomes 
the current generation of astron- 
omy, it has become increasingly 
clear that we might have bitten 
off more than we can chew. 

The problem is data: moun- 
tains of it, more data than you 
can imagine. Our telescopes have 
become so powerful, our detec- 
tors so sophisticated, and our 
computers so complex that it is 
simply impossible to analyze all 
the data they generate and collect. 

Not without help, that is. 

To solve astronomy’s big data 
challenges, teams of researchers 
around the world are turning 

to machine learning for answers. 

When I started my Ph.D. eight 
years ago, “next-generation 
astronomy’ referred to the time 
after the James Webb Space 
Telescope (JWST) would launch, 


MACHINE LEARNING (ML) is just one technique within 
the field of artificial intelligence, and within ML, there are 
many different approaches. For instance, deep learning 
algorithms process data using neural networks, which are 
loosely inspired by the human mind. Neural networks can 
be combined with several other frameworks to improve their 


performance. 


In supervised learning, an algorithm learns by testing itself 
on a training dataset where the answers — like the type of gal- 


the Vera C. Rubin Observatory 
would start taking nightly images 
of the sky, and the Euclid Space 
Telescope would begin peering 
into the depths of the universe. 
One of those things has already 
happened, and the other two 
aren't far off. In that span of 
time, the number of articles 
posted to NASA’s Astrophysics 
Data System referencing machine 
learning has increased sixfold, 
and something that was once a 
curiosity is becoming a core part 
of the astronomer’s toolkit. 

What remains to be seen is 
just how much machine learning 
can actually do for astronomers 
— and perhaps, more impor- 
tantly, what it can’t do. 


Chances are you've heard the 
terms artificial intelligence and 
machine learning thrown around 
recently, and while they are often 
used together, they actually refer 
to different things. Artificial 
intelligence 

(AJ) is 


MACHINE 
LEARNING (ML) 


Neural networks 


Rei ement 
learning 


Anomaly 
detection 


nsupervised 


a term used to describe any kind 
of computational behavior that 
mimics the way humans think 
and perform tasks. Machine 
learning (ML) is a little 
more specific: It’s a fam- 
ily of technologies 
that learn to make 
predictions and 
decisions based on 
vast quantities of 
historical data. 
Crucially, ML 
creates models 
that exhibit behav- 
ior that is not pre- 


axy classification — are already known. By contrast, in unsuper- STnELe programmed, but is 
vised learning, an algorithm is left to discover patterns in data ol Planning learned from the data 
its own, like clusters of stars or anomalies in light curves. Active Game theory 


used to train it. 
The facial recognition 
in your smartphone, the spam 

filter in your emails, and the abil- 
ity of digital assistants like Siri or 
Alexa to understand speech are 
all examples of ML being used in 
the real world. Many ML tech- 
nologies are now being used by 
astronomers to investigate the 
mysteries of space and time. 
Astronomy and ML are a match 


learning is a form of semi-supervised learning in which a subset of 
the data is classified by humans to help the algorithm learn. 

In reinforcement learning, an algorithm learns behaviors by receiving 
rewards when it performs as desired. This allows it to steadily improve at tasks like 
driving a car within the boundaries of a traffic lane, playing the board game Go, or writing human- 
like sentences as a chatbot. In astronomy, reinforcement learning has been used in telescope oper- 
ations to find the most efficient observing schedules and improve the performance of adaptive 


optics systems. 

Neural networks can even be pitted against one another with one algorithm acting as a sparring 
partner, attempting to find flaws in the main algorithm's output. This setup is called a generative 
adversarial network and can produce realistic-looking astroimages — or augment existing images 
with realistic details. — Mark Zastrow 
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made in the heavens because the 
one thing astronomers have too 
much of — data — is the thing that 
ML models can't get enough of. 
We're familiar with gigabytes 
and terabytes of storage, but data 
at that scale is old news in astron- 
omy. These days, we're interested 
in petabytes: 1,000 TB, or 1 mil- 
lion GB. It would take just 10 PB 
of storage to hold every single 
feature-length movie ever made, 
at 4K resolution; it would take 
over 100 years to watch them all. 
The Vera C. Rubin Observatory, 
currently under construction in 
Chile, will be tasked with map- 
ping the entire night sky in 
unprecedented detail, every single 
night. Over 10 years, Vera Rubin 
will produce about 60 PB of raw 
data, studying everything from 
asteroids in our solar system to 
galaxies in the distant universe. 
No human being could ever 
hope to analyze all that data, and 
that’s from just one of the next- 
generation observatories being 
built. So the race is on among 
astronomers in every field to 


find new ways to leverage the 
power of AI. 


TAMING THE ZOO 

One such astronomer is Mike 
Walmsley, a postdoctoral 
researcher at the University of 
Manchester in the U.K. and one 
of the leading AI researchers in 
astronomy. Walmsley is the brains 
behind integrating ML systems 
into Galaxy Zoo, a citizen sci- 
ence project that has classified 
the morphologies of over a mil- 
lion galaxies. In its original form, 
Galaxy Zoo’s citizen scientists 
tackled the mammoth task of 
visually inspecting galaxies from 
the Sloan Digital Sky Survey, 
which were so numerous that 
professional astronomers could 
not complete the task alone. But 
the increased scale of modern sky 


The Vera C. Rubin 
Observatory’s survey 
of the southern sky 
will produce about 
20 terabytes of raw 
data every night. 
NOIRLAB/NSF/AURA 


surveys has outpaced the rate at 
which Galaxy Zoo volunteers can 
classify galaxies. The project’s 
latest dataset includes 8.7 mil- 
lion galaxies. “It would have 
taken about 200 years for Galaxy 
Zoo volunteers to measure these 
alone,” says Walmsley. 

To solve this massive data 
problem, Walmsley enlisted 
machine learning to pick up the 
slack. He developed Zoobot, an 
AI model that is about as accurate 
at classifying galaxies as asking 
15 people. 

“Adding AI is like giving vol- 
unteers power tools,” he says. 
“Where one person alone might 
classify a few hundred galaxies, 
our AI can learn from them and 
together classify millions more.” 

What’s unique about Walmsley’s 
work is that ML hasn't been used 
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The Square Kilometre 
Array is envisioned to 
eventually consist of 
some 2,000 radio 
dishes across Africa 
(pictured here as a 
photoillustration) and 
up to 1 million antennas 
in Australia. Even in its 
smaller initial form 
(which is currently 
under construction) of 
roughly one-tenth that 
size, it will generate up 
to 1 terabyte of data per 
second. SPDO/TDP/DRAO/ 
SWINBURNE ASTRONOMY 
PRODUCTIONS/CC BY 3.0 


DATA DELUGE 


to entirely replace the role of pro- 
fessional and amateur astrono- 
mers, but rather to work together 
with human classifiers. The AI 
model used by Galaxy Zoo uti- 
lizes a concept called active learn- 
ing, where the model is able to 
send images that it isn’t certain 
about back to the citizen scientists 
to provide more information 
about what kind of galaxy is 
being inspected. By using this 
method, Walmsley and the 
Galaxy Zoo team were able to 
dramatically reduce the time 

it takes to classify hundreds of 
thousands of galaxies. 

In fact, keeping human intel- 
ligence in the loop is important 
for the future of astronomy 
research. “Unlike our volunteers, 
Zoobot only works well when 
classifying galaxies similar to 
those it has seen before,” says 
Walmsley. “And it lacks that 


652 
terabytes 


uniquely human skill of noticing 
when something looks a little bit 
strange.” 


There are many ways to look for 
the signals of exoplanets, but the 
most prolific methods with cur- 
rent technology involve studying 
the variation of a star’s brightness 
over time. Ifa star’s light curve 
shows a characteristic dimming, 
it could be a sign of a planet 
transiting in front of the host 
star. Conversely, a phenomenon 
called gravitational microlensing 
can cause a large spike in a star's 
brightness, caused by the exo- 
planet’s gravity acting as a lens 
that magnifies a more distant star 
along the line of sight. Detecting 
these dips and spikes means sift- 
ing through thousands, or even 
millions, of light curves studious- 
ly collected by space telescopes 


The amount of data from astronomical surveys is set to 
skyrocket. Current surveys are on the scale of roughly a 
petabyte, but the catalogs that upcoming facilities produce will 
increase that by orders of magnitude. The catalog volumes shown 
above are the finished data products. But the volume of raw data that 


like NASA’s Kepler telescope and 
the Transiting Exoplanet Survey 
Satellite. 

Using the huge libraries of 
observed light curves, astrono- 
mers have been able to develop 
ML-based models that can out- 
perform humans in identifying 
possible exoplanets. But AI can 
do much more, such as help us 
identify which planets might be 
habitable. With next-generation 
observatories, such as the Nancy 
Grace Roman Telescope and 
JWST, astronomers hope to use 
ML algorithms to detect water, 
ice, and snow on rocky planets. 

AI can even reveal new fun- 
damental insights into math- 
ematics and astronomy. In a 
paper published last May in 
Nature Astronomy, a team of 
researchers reported that ML 
algorithms helped them discover 
a more elegant understanding of 
exoplanet microlensing, unifying 
multiple interpretations of how 
an exoplanet’s configuration with 
its host star can vary. The report 
came just months after research- 
ers at DeepMind in the U.K. 
reported in Nature new AlI-aided 
fundamental insights into 
mathematics. 


While many ML models are 
trained to distinguish between 
different types of data, others are 
intended to produce new data. 
These generative models are 
a subset of AI techniques that 
create artificial data products, 
such as images, based on some 
underlying understanding of 
the data used to train it. 
The series of 
DALL-E models 
developed by 


Sloan Digital Sky Survey 
2000-2021; released 2021 


PanSTARRS 
2010-2014; released 2019 


must be processed to produce these catalogs is even larger. The Square 
Kilometer Array will produce roughly 5 zettabytes of raw data per year — 
more than the current total traffic of the internet. astronomy: ROEN KELLY 


1.6 petabytes 
(1,600 TB) 


Vera C. Rubin Observatory 
Planned 2024-2034 


Square Kilometer Array [ew 


High-priority programs 
Planned 2028-2043 
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OUR FAKE COSMOS: QUESTION 
ee 


M. J. SMITH ET AL. (U. HERTFORDSHIRE), DOI:10.1093/MNRAS/STAC130 


the research company OpenAI 
have pushed this concept into the 
public eye. These models generate 
an image from any written 
prompt and have set the internet 
alight with their uncanny ability 
to construct images of, for 
instance, Garfield inserted into 
episodes of Seinfeld. 

You might think that astrono- 
mers would be wary of any kind 
of fake imagery, but in recent 
years, researchers have turned to 


generative models in order to 
create galactic forgeries. A paper 
published last January in Monthly 
Notices of the Royal Astronomical 
Society describes using the 
method to produce incredibly 
detailed images of fake galaxies, 
which can be used to test predic- 
tions from enormous simulations 
of the universe. They can also 
help develop and refine the data- 
processing pipelines for next- 
generation surveys. 


Generative 
algorithms are 
so good that 
even professional 
astronomers 
can struggle to 
distinguish 
between the 
real and the fake, 
This mosaic 
features dozens 
of synthetically 
generated 
images of 
objects in the 
night sky — and 
just one real 
image. Can you 
spot it? The 
answer is on the 
next page. 


In the summer of 2022, Walmsley, 
a few other astronomers, and I 
organized a special session on 

AI in astronomy at the Royal 
Astronomical Society’s National 
Astronomy Meeting, held at the 
University of Warwick. Among 
all the amazing science being pre- 
sented, perhaps the most exciting 
thing for me wasn’t the research 
itself, but the people doing it. 


20 PB 
(20,000 TB) 


8.5 exabytes 
(8,500,000 TB) 
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OUR FAKE COSMOS: ANSWER 


Galaxy Zoo's Al model 
was able to classify the 
galaxies at right as 
ellipticals. The galaxies 
at left are examples that 
the model was unsure 
of how to classify. In 
active learning, such 
images are sent back 
to humans, who can 
provide the model with 
additional feedback and 
training. mike WALMSLEY 


This 
image of 
the Crab 
Nebula 
(M1) is the 
only real 
image 

in the 
mosaic 
on 

page 41. 


NASA, ESA, J. HESTER AND A. LOLL (ARIZONA STATE UNIVERSITY) 


Overwhelmingly, ML research 
in astrophysics and astronomy 
is being driven by early-career 
researchers, particularly doctoral 
students, who are bringing new, 
unique perspectives to the field. 
For instance, Emily Hunt is a 
Ph.D. student at the University 
of Heidelberg in Germany and 
works with data from the 
European Space Agency's Gaia 
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satellite. Gaia observes the stars 
in our own galaxy and beyond, 
and its catalog contains precise 
positions for over 1 billion stars. 
With data of this scale, using AI 
isn’t just a choice for astrono- 
mers, it’s a necessity. 

“Searching through Gaia data 
by hand to look for open clusters 
would be like looking for thou- 
sands of needles in a galaxy-sized 


haystack,” says Hunt. “Put simply, 
our science is not only greatly 
improved with ML, it would be 
pretty much impossible without 
ML.” 

Unlike a lot of ML research, 
Hunt’s work doesn’t rely on deep 
neural networks, the workhorses 
of AI whose function is inspired 
by the human mind. 

Instead, Hunt has explored the 
effectiveness of using different 
kinds of clustering models. As 
the name suggests, this family of 
algorithms identifies groups of 
nearby points in a dataset — for 
example, clusters of stars in a cat- 
alog. According to Hunt, with 
this method it “takes seconds to 
find a cluster that a human might 
need hours to find.” Using ML, 
Hunt is hoping to publish the 
largest-ever catalog of open star 
clusters — just one example of 
how this next generation of 
astronomers will revolutionize 


the field. 


AT is also primed to make dis- 
coveries that we cannot predict. 
There’s a long history of discover- 
ies in astronomy that happened 
because someone was in the right 
place at the right time. Uranus 
was discovered by chance when 


William Herschel was scanning 
the night sky for faint stars. Vesto 
Slipher measured the speed of 
spiral arms in what he thought 
were protoplanetary disks, even- 
tually leading to the discovery 
of the expanding universe. And 
Jocelyn Bell Burnell’s famous 
detection of pulsars happened 
while she was analyzing measure- 
ments of quasars. 

But the next generation of 
astronomy, with its petabytes 
of raw data, poses a significant 
barrier to the possibility of seren- 
dipitous discovery. With so much 
data on hand — and limited 
resources to follow up every 
potential discovery — how might 
we find the weird and unex- 
plained phenomena that we don’t 
even know we're looking for? 

AI could hold the answer with 
a field of techniques called anom- 
aly detection. These algorithms 
are specifically trained to sift 
through mountains of images, 
light curves, and spectra, looking 
for samples that don’t look like 
anything we've seen before. One 
example could be so-called jack- 
pot gravitational lenses, a rare 
alignment of galaxies resulting in 
two or more magnified images 
around a single nearby galaxy. 

Perhaps soon, an AI could join 
the ranks of astronomy’s greatest 
discoverers. 


THE FUTURE OF 
ASTRONOMY AND Al 
You are probably wondering at 
this point: Will AI put astrono- 
mers out of a job? Probably 

not, though there’s no doubt 

that the way we do our jobs has 
already changed, as AI and ML 
are quickly becoming core tools 
for astronomers. 

But astronomy also has a lot to 
offer researchers working on the 
cutting edge of machine intelli- 
gence. From studying the evolu- 


tion of galaxies, to hunting for 
alien worlds, and even tracing the 
origins of martian meteorites, 
astronomy offers vast quantities 
of research data from a variety of 


HOW A NEURAL NETWORK WORKS 


A NEURAL NETWORK is 

a sequence of computations 
arranged like a network of neu- 
rons, where values are stored 
and manipulated as they prop- 
agate through the network. 

For example, take a simple 
neural network designed to 
classify a galaxy in a 8x8-pixel 
monochrome image as either 
spiral or elliptical. The bright- 
ness value of each pixel is fed 
to a node in the input layer, 91 
in all in our case. If that value 
exceeds a certain threshold, 
that neuron “fires” and feeds 
its value to neurons in the next 
layer, the first of multiple so- 
called hidden layers. 

Each neuron in that layer 
performs a computation on the 
values it is fed: First, the values 
are multiplied by a number 
specific to the connection from 
which they came, called a 
weight. Then they are summed 
and added to another number 
specific to that node, called a 
bias. Weights effectively act as 
a measure of the strength of 
that connection in the network, 
and the biases indicate how 
sensitive the neuron is to firing. 

The strength of a neuron’s 
signal is determined by the 
weights, biases, and the signal 
received — modified by a math- 
ematical function called an 
activation function — which is 
then sent to the neurons in the 
next hidden layer. This process 
repeats, triggering patterns of 
neurons, until the values arrive 
at the final layer, the output 
layer. The output neurons are 
like options on a multiple- 
choice question: one for an 
elliptical galaxy and one for a 
spiral galaxy. The neuron with 
the highest value is the net- 
work's choice for that image. 

In the beginning, the weights 


sources that most fields can only 
dream about. 

This is one of the most excit- 
ing parts of this intersection of 
fields — both AI researchers and 
astronomers can push each other 
forward. And in the next genera- 
tion of astronomy, with its pet- 
abytes of raw data from facilities 
like the Vera Rubin and JWST, 


What type of galaxy is 
shown in image A? 


Elliptical e 


or 


Spiral (e) 


Pixelnumber: 23 24 


Brightness 
of each pixel 


Image A (100 pixels) 


24 25 26 27 28 


INPUT LAYER © 


HIDDEN LAYERS 


For simplicity, 
connections are shown 
for pixels 24-28 only. 


Weight of the 
connection 


\ 


Weak+Strong 


Bias of 
the node 


CO 


Weak++Strong 


OOO 


The strengths (or weights) of the connections between neurons and the 
sensitivity (bias) of the neurons themselves are depicted here with 
varying line widths. Note that only some connections and neurons are 


shown, for legibility. astaowomy: ROEN KELLY 


and biases for each connection 
and neuron are set to random 
values, and the network's 
choice is no better than a 
random guess. To train the 
network, the actual galaxy 
type — elliptical or spiral, as 
determined by a human — is 
propagated backward through 
the network, and the weights 
and biases are adjusted to 
improve the algorithm's perfor- 
mance. This process can be 


repeated thousands or millions 
of times. In more complex neu- 
ral networks, additional mathe- 
matical operations can be 
performed at the nodes of each 
layer; this may allow the net- 
work to learn to detect edges or 
textures in the image. The result 
is a network of nodes with 
weights and biases tuned to act 
on fresh input data and make 
the decision it was intended to 
make. — Mark Zastrow 


we can't possibly imagine what 
these algorithms might find. 


Ashley Spindler (she/they) 
is a lecturer in astronomy and 
data science at the University 
of Hertfordshire in the U.K. She 
spends her time studying the 


evolution of barred galaxies with 


the help of Al. 
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Everyone shoots bright celestial objects, Take the 


darker path. 


Astroimaging involves a profound irony. While the goal 
of photography Is to capture light, the majority of what 
astrophotographers capture in their images Is utter darkness. 


Oh sure, the intended subject will be a star 


cluster, nebula, or galaxy. But that doesn't 
change the fact that most of a typical 


image will consist of dark background sky. 


Ultimately, astrophotographers produce 


beautiful images of ... well, mostly nothing. 


OF ASTROIMAGING 


LEFT: The author 
found this 
uncataloged dark 
nebula while 
perusing the Aladin 
Sky Atlas. It is 
surrounded by 
numerous other 
fascinating dark 
dust structures, all 
silhouetted by the 
emission nebula 

IC 1318 in Cygnus. 
The dark nebula 
crossing the left side 
is part of LDN 889. 


RIGHT: An SBIG 
11000M CCD camera 
was used to capture 
all the images in this 
story. 


However, the sky offers ample 
opportunities to capture beauti- 
ful images of regions of darkness 
that actually are something: dark 
nebulae. This class of celestial 
object receives scant attention 
from astroimagers, who predomi- 
nantly target objects that emit or 
reflect light. 

That is regrettable, because 
dark nebulae are some of the 
most important structures in the 
universe and, therefore, worthy 
imaging subjects for amateur 
astronomers. If we take a little 
time to learn about them, you'll 
soon see why. 


THE IMPORTANCE OF 
DARK NEBULAE 


Dark nebulae are components 

of vast galactic structures called 
molecular clouds, so named 
because they consist mostly 

of molecular hydrogen (Hz2). 

The nebulae are composed of 
microscopic dust particles coated 
with frozen carbon monoxide 
and nitrogen, both of which 
readily absorb light. Although 
the dust particles are generally 
finer than the ones in cigarette 
smoke, their combined effect 

in many regions of space is 
sufficient to absorb all light from 


behind them, producing a dark 
silhouette. 

Astronomers study molecular 
clouds because they are star- 
forming regions. New stars are 
born within them when condens- 
ing regions of H2 reach sufficient 
density to trigger nuclear fusion. 
But this process of condensation 
only begins at extremely low tem- 
peratures, generally 10 kelvins or 
less. (Remember that 0 kelvin is 
absolute zero.) Condensing gas 
always heats up, however, and 
if the temperature rises above 
4 kelvins, it will begin to expand, 
halting star formation. 
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Fortunately, dust particles are 
efficient radiators of heat, so they 
keep the temperature low and 
allow condensation to continue. 

Ultraviolet light (UV) from 
newborn stars stimulates the 
remaining hydrogen in the cloud 
to emit light at the hydrogen- 
alpha (Ha) wavelength of 656.28 
nanometers, creating a glowing 
emission nebula. UV also pro- 
vides the energy needed to 
change carbon monoxide and 
nitrogen on the surface of dust 
particles into a smorgasbord of 
more complex organic molecules, 
including formaldehyde, glycine, 
and polycyclic aromatic mole- 
cules. Once formed, the complex 
organic molecules circulate 
within the dust cloud. Indeed, 
radio observations find dark neb- 
ulae harbor about 70 different 
organic compounds, some of 
which may be the building blocks 
of life. Knowing this, who 
wouldn't want to image dark 
nebulae? 


FINDING DARK NEBULAE 
TO IMAGE 


Dark nebulae abound in the sky, 
but to be visible to us, they must 
be silhouetted against back- 
grounds of either dense star fields 
or glowing nebulae. Accordingly, 
we find them along the bright 
band of the Milky Way, which 
betrays their otherwise hidden 
locations. 

Astronomers have cataloged 
thousands of dark nebulae. Some 
even have nicknames. Pioneer 
astrophotographer Edward 
Emerson Barnard made a catalog 
of 369 dark nebulae found within 
his wide-field Milky Way images; 
probably the most famous is 
Barnard 33 (B33), the Horsehead 
Nebula in Orion. Astronomer 
Beverly T. Lynds made an exten- 
sive catalog of 1,802 dark nebulae 
between declinations 90° and 
-33°, Lynds Dark Nebula 881 
(LDN 881), in Cygnus, which I 
nicknamed the Dementor Nebula 
in the August 2019 issue, is a 
beautiful example. Both catalogs 
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are available in books and online. 
Adventurous imagers can also 
peruse images from the Sloan 
Digital Sky Survey, available 
online within the Aladin Sky 
Atlas (http://aladin.cds.unistra. 
fr/), and hunt for uncataloged 
dark nebulae. 

You can image dark nebulae 
with equipment ranging from a 
DSLR and 50mm lens for wide- 
field views of the Great Rift in 
the summer Milky Way to a 
cooled CCD or CMOS camera 
attached to a telescope to capture 
high-resolution images of intri- 
cate wisps of dust silhouetted 
against emission nebulae. When 
imaging, I divide targets into two 


categories based on their back- 
ground: starry fields or Ha emis- 
sion nebulosity. I acquire and 
process images within each cat- 
egory differently. 


PROCESSING STARRY FIELD 
BACKGROUNDS 


For this category, I stretch and 
process the image as I would for 
any deep-sky object, but avoid 
using gradient-removal tools. 
They can mistake dark nebulae 
for gradients and remove them 
from the image. Next, I locate the 
dust clouds. While their positions 
may be obvious in wide-field 
shots of the Milky Way, they 

are often subtle in my images. 


BELOW: Perhaps the 
most famous of all dark 
nebulae is Barnard 33 
(B33), otherwise known 
as the Horsehead 
Nebula in Orion. B33 is 
silhouetted by the 
hydrogen-alpha 
emission nebula IC 434. 
It lies some 1,400 light- 


years away. 


ABOVE: NGC 1333 is a 
blue reflection nebula 
in Perseus. It is 
surrounded by dark 
dust clouds, including 
LDN 1450 near the 
center of the image 
and B205 at upper 
right. This is an 
example of dark 
nebulae silhouetted by 
a starry field. 


RIGHT: This nebula 
near the bright star 
Sadr (Gamma [¥] 
Cygni) was nicknamed 
the Dementor Nebula 
by the author in the 
August 2019 issue 
because its dark, 
tattered look reminded 
him of the characters in 
the Harry Potter films. 
Its formal designation 
is Lynds Dark Nebula 
(LDN) 881. 


Areas where background stars 
are noticeably fewer or absent are 
clues to their locations. If I scroll 
the information tool of my image- 
processing software over sus- 
pected dark cloud regions, I can 
see they have different brightness 
values than areas I know are true 
background sky. The key to mak- 
ing a striking image is to accentu- 
ate those subtle differences so the 
dust clouds don’t appear to be just 
another region of background sky. 
An effective way to accomplish 
that is to use the High Pass Filter 
in Photoshop. Duplicate the 
image in the Layers palette as a 
new layer on top. With the top 
layer highlighted, open the 
High Pass Filter (Filter > Other > 
High Pass). The top image will 
then appear gray. As you slide the 
filter’s radius selector from left to 
right, progressively larger-scale 
structures within the gray High 
Pass Filter image will become 
accentuated, including subtle dust 
clouds. Smaller dust clouds will 
be accentuated with smaller radii, 
while larger dust clouds are more 
apparent with larger radii. Select 
the scale for the dust clouds that 


you wish to start with in your 
image, then click OK. 

We want this image to be star- 
less for subsequent steps. Go to 
Select > Color Range, select 
Highlights in the drop-down 
menu, then click OK to select 
the brighter stars. Expand the 
selection with Select > Modify > 
Expand and enter a value of 6 to 
8 pixels, or whatever is needed to 
include stars’ halos. Then go to 
Edit > Cut to remove those stars. 

Change the blending mode in 
the Layers Palette to Overlay and 


the dust clouds associated with 
the scale you selected will magi- 
cally become more apparent in 
the underlying original image. 
This action may make other fea- 
tures look worse, so be selective 
about which accentuated features 
within the High Pass Filter image 
you apply to the image. Add a 
Hide All mask to the High Pass 
Filter layer, select the Brush Tool, 
set it to white, and paint over 

the dust clouds you wish to 
accentuate. When done painting, 
blur the edges of the mask with a 
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Gaussian Blur (Filter > Blur > 
Gaussian Blur) of several pixels, 
then flatten the image. 

Multiple iterations of this pro- 
cess with the High Pass Filter set 
to different radii that accentuate 


dark structures of different scales 
can bring out a wealth of detail 
in dust clouds. Some clouds may 
be slightly darker than back- 
ground sky and others may be 
slightly brighter, but it is those 
differences that reveal their pres- 
ence as obscuring dark nebulae. 


PROCESSING NEBULOUS 
BACKGROUNDS 

For this category, I acquire Ha, 
red (R), green (G), and blue 

(B) exposures to construct an 
HaRGB image in which I col- 
orize the Ha data to be red. 
While there are many — often 
complicated — ways to combine 
Ha and RGB data, the follow- 
ing technique is simple, fast, and 
gives good results. 

Combine the exposures into 
separate Ho and RGB images. 
Stretch the RGB image as you 
would for any deep-sky object. 
However, only gently stretch the 
Ha image. While it is tempting to 
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make it bright to show all the 
nebulosity and dust you cap- 
tured, doing so will only give 

it a displeasing salmon color. 
Keeping the Ha image dim will 
give it deep red hues in the final 
result. Align the Ha and RGB 
images. 

Copy the Ha image and paste 
it as a new layer atop the RGB 
image. This will automatically 
convert the grayscale Ha image 
to RGB mode and allow you to 
colorize it later. In the Layers 
palette, label this layer as “Ho 
luminance” and the layer beneath 
as “RGB.” Then remove stars 
from the Hao layer using the steps 
described above. Because stars in 
the Ho image are smaller than 
RGB stars, the former will have a 
“raccoon eyes” look in the final 
image if left in. 

Next, we need to provide red 
color support for the gray Ha 
luminance image. Duplicate the 
Ha luminance layer as a new 
layer beneath the original and 
label it “Ho red.” Highlight it in 
the Layers Palette, then go to 
Image > Adjustments > Hue/ 
Saturation. In the window that 
opens, check the colorize box. 


Slide the hue selector to 0 or 360 
(either signifies pure red), set sat- 
uration to 100, and change light- 
ness to -50. You now have a deep 
red version of your Ha data. Add 
a Levels adjustment to this layer 
and move the black point slider 
to the right until it is just under 
the left edge of the histogram. 
That will clip the red hue out of 
any background sky and dark 
nebulae while also enriching the 
red color in the nebulosity. 
Highlight the Ha luminance 
layer in the Layers palette and 
change the blending mode to 
Luminosity to put the red color 
into your Ha nebulosity data. 
Now the magic can begin. 
Highlight the Ha red layer in the 
Layers palette and change the 
blending mode to Lighten. This 
compares the brightness values 
of every pixel between two layers 
and selects the brighter of the 
two to display in the final image. 
This action also blends your 
brightest red Ha nebulosity data 
with your brightest RGB data, 
giving you the best of both 
images. Next, fine-tune the 
result. Highlight the Ho lumi- 
nance layer in the Layers palette 


This small, wispy dark 
nebula in Cygnus is 
B347. The dark nebula 
at lower left is a portion 
of LDN 889. Both are 
silhouetted against the 
hydrogen-alpha 
emission nebula 

IC 1318, which is 3,800 
light-years from Earth. 


BY MOVING 
THE OPACITY 
SLIDER, YOU 
CAN CONTROL 
HOW MUCH OF 
THE FINAL 
IMAGE COMES 
FROM RED Ho 
DATA AND 
HOW MUCH 
COMES FROM 
RGB DATA. 


RIGHT: The Rosette 
Nebula in Monoceros 
(NGC 2244) provides 
beautiful hydrogen- 
alpha back illumination 
for numerous dark 
nebulae. The dark dust 
feature to the lower 
right of center is 
nicknamed the 
Crescent Wrench. 


BELOW: The dark 
nebula B343 is part of 
the immense Gamma 
Cygni complex. It is 
one of 369 dark 
nebulae cataloged by 
pioneer American 
astrophotographer 
Edward Emerson 
Barnard. This entire 
region is a favorite 
target of imagers. 


again. By moving the opacity 
slider, you can control how much 
of the final image comes from red 
Ha data and how much comes 
from RGB data. Somewhere 
around 50 percent usually gives 

a great look, but adjust it to your 
taste. When youre satisfied, flat- 
ten the image. 


It’s fine to keep your Ha nebu- 
losity pure red, but if you want to 
add some blue that represents 
Hydrogen-beta (HB) emission at 
486.1 nanometers, go to Image > 
Adjust > Selective Color and 
select Reds in the drop-down 
menu. Reducing yellow by 
moving its slider to the left is 


equivalent to adding blue. Adjust 
until you get the customary 
“bubblegum” color of Ha plus 
HB emission nebulosity. 


MOVE AWAY FROM THE LIGHT 


Dark nebulae provide dramatic 
contrast between light and dark 
features. They often reveal the 


finest detail discernible in their 
wispy contours, while providing 
depth of field because they are 
clearly in front of background 
objects. Layers or billowing clouds 
of dark dust can even add a three- 
dimensional texture to the image. 

So, I encourage you to acquire 
and process images of dark nebu- 
lae and add them to your portfo- 
lio. But be careful. When over to 
the dark side of astrophotography 
you have crossed, difficult to go 
back it may be. The results are 
sure to be fantastic images that 
will captivate you and your 
friends. # 


Rodney Pommier is a /ongtime 


astroimager who is building a new 
observatory in Portland, Oregon. 
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a SECRET SKY 


An inverse 
black-drop effect 


Thanks to the atmosphere, planets can fool 
your eyes in fascinating ways. 


ABOVE: On Dec. 8, 
2022, 3h02mi7.1s UT, 
Louisiana amateur 
astronomer Roy 
Parish captured this 
view of Mars grazing 
the Moon. Processed 
here to black and 
white, it is remarkably 
similar to Thobern 
Bergman's rendering 
of the black-drop 
effect that he 
observed during the 
1761 transit of Venus 
(inset). Roy paRIsH. 

INSET: ROYAL SOCIETY 


CENTER: Parish’s 
view, which was 
taken through a 
4-inch telescope, 
is shown here in 
color. roy parisH 


BY STEPHEN 
JAMES O’MEARA 
Stephen is a globe- 
trotting observer who 
is always looking 

for the next great 
celestial event. 


In some planetary observations, imperfect 
seeing can bea perfect companion. 

Let me clarify. Some of the most baffling 
planetary observations over the past century and more 
have turned out to be illusions created 
largely by imperfections in Earth’s atmo- 


other, form a bond, so also a black tubercle extended 
from Venus to the edge of the Sun.” 


Other flavors of black drops 

Black-drop effects can also appear in other scenarios 
on the fringes of light and shadow. In this column in 
January 2018, I wrote about black-drop effects that 
appear with sunspots during a solar eclipse. And in 
March 2020, I shared a lunar black-drop effect that 
appears when the Moon is less than one day from New; 
multiple black drops along the slender crescent give it 
a striped-pajama appearance. 

Astronomers are still investigating these phenom- 
ena. Imperfect atmospheric seeing, which blurs observ- 
ers’ views, is one cause, but it’s likely not the only one. 
Limb darkening — the way the Sun appears dimmer 
around its edges, where our line of sight does not pen- 
etrate as deeply into its hotter layers — and imperfec- 
tions in a telescope’s optical system can combine to 
enhance the visual drama. 

Now let’s look at something new, at least to my 
knowledge. 

On the night of Dec. 7/8, 2022, the Full Moon 
occulted Mars, as seen from most of North America, 
northern Europe, and North Africa. From near 
Shreveport, Louisiana, Roy Parish witnessed a 
95-percent occultation, which he imaged through a 
4-inch Maksutov-Cassegrain and a QHY 
5PII-C eyepiece camera. Parish published a 


sphere. While these effects are illusory, These series of images in the Jan. 1, 2023, issue of 
observers today enjoy scouting them out. It optical The Observer, the newsletter of the 
can be not only fun but also enlightening, ph enomena Shreveport-Bossier Astronomical Society. 


especially if you're fascinated by the extent 
to which the eye and other optical systems 
can be fooled. Despite centuries of study, 


continue to 
manifest in 


One of them captured my attention. 
The image shows Mars skirting the 
Moon’s limb just prior to occultation, with 


these optical phenomena continue to mani- new and a pale ligament of light bridging the minute 
fest in new and unforeseen ways. unforeseen gap between them — remarkably similar to 
One of the most enduring of these optical ways Bergman's rendering of the venusian black 


effects is the black-drop effect — the way 
Mercury and Venus appear to bulge like a 
teardrop whenever their silhouettes 
touch the inside limb of the Sun at second 
or third contact during a transit. 

This effect confounded the many 
observers of the 1761 transit of Venus. 
Among them was Swedish chemist and 
naturalist Thobern Bergman, who stud- 
ied the event using a 21-foot focal-length 
telescope at Uppsala Observatory. In a letter published 
in Philosophical Transactions of the Royal Society, 
Bergman reported “some unexpected phenomena,” 
including what we now know as the black drop: 
“Regarding the interior contact, the limb of Venus did 
not separate immediately from the Sun’s inner limb; but 
not unlike two drops of water, separated from each 


drop. Parish noted in an email that Mars was 
blurred due to poor atmospheric seeing, 
which helps explain the effect. 

I am not aware of any published 
accounts of an “inverse black-drop 
effect” observed during a lunar occulta- 
tion. If you know of an earlier account, 
let me know at sjomeara31@gmail.com. 
As always, keep me posted of any curious 
wonders you might have seen. To para- 

phrase the English author and playwright Eden 
Phillpotts in his 1918 novel A Shadow Passes, the uni- 
verse is full of magical things, patiently waiting for our 
senses to grow sharper. # 


(i BROWSE THE “SECRET SKY” ARCHIVE AT 
a www.Astronomy.com/OMeara 
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BINOCULAR UNIVERSE 


A star-spangled 


scen 


SAGITTARIUS 

aes 
Clusters and nebulae 
come together to 
create shining July 
evenings. astronomy: 
ROEN KELLY 


BY PHIL 
HARRINGTON 

Phil received the 
Walter Scott Houston 
Award at Stellafane 
2018 for his lifelong 
work promoting and 
teaching astronomy. 


Three Messier objects shine 
brightly in the summer sky. 


* SERPENS 
CAUDA 


es 


Be . 
wet z : © 


OPHIYCHUS 


SCUTUM, 


In his 1888 book Astronomy With an Opera- 

Glass, Garrett Serviss wrote: “The Milky Way, 

streaming down out of the northeast, pours, 
in a luminous flood, through Sagittarius, inundating 
that whole region of the heavens with seeming deeps 
and shallows, and finally bursting the barriers of the 
horizon.” 

Hidden within the myriad stars in the 
summer Milky Way are many wonderful star 
clusters and nebulae to enjoy through bin- 
oculars. This month, let’s explore three that 
found their way into Charles Messier’s 
famous catalog. All are positioned within 
about 3° of each other, so once you find one, 
the others can’t be far away. 

Start your quest at Aquila the Eagle. Zero 
in on its tail stars, Lambda (A) and 12 Aquilae, 
with your binoculars. Continue the line con- 
necting Lambda to 12 for 7°, or about a field 
of view, to 4th-magnitude Alpha (a) Scuti. From here, 
shift 6.5° south-southwest to 5th-magnitude Gamma (y) 
Scuti. That’s where you'll find our three featured objects, 
all set in a beautiful, star-filled field. 

My favorite, M17, was discovered by Swiss astronomer 
Jean-Philippe Loys de Chéseaux in 1745 or 1746. M17 
goes by several nicknames, among them the Swan 
Nebula, the Omega Nebula, and the Horseshoe Nebula. 
Charles Messier first saw it on June 3, 1764. He wrote that 
it looked like “a train of light without stars ... in the shape 
of a spindle.” Most binoculars show only the brightest 


The star- 
spangled 
scene is sure 
to become a 
favorite of 
yours, as it 
has mine. 


hook-shaped portion of this complex cloud, looking like 
a swan’s curved neck; it reminds others of the numeral 2 
or even a checkmark. 

M17 is a huge, glowing cloud of ionized hydrogen 
peppered with clouds of cosmic dust. Embedded within 
the nebula are the young, hot stars of open cluster 
NGC 6618. Their energy ionizes the hydrogen in the 
nebula, causing it to glow. The brightest cluster stars 
shine at 9th magnitude and may only be visible through 
larger binoculars on a steady mount. 

From M17, scan 2%° north, crossing into Serpens 
Cauda for M16. Like M17, it was also discovered by 
de Chéseaux in either 1745 or 1746. When Messier spotted 
it, he described the sight as “a cluster of small stars, 
enmeshed in a faint glow ... with an inferior telescope this 
cluster appears like a nebula.” So, while M16 is famously 
known as the Eagle Nebula, the entry in the Messier cata- 
log actually refers to the associated open cluster. The Eagle 
Nebula is separately cataloged as IC 4703. 

The Eagle Nebula was made famous by the Hubble 
Space Telescope in 1995 with the iconic “Pillars of 
Creation” image. It made the news again last year when 
the James Webb Space Telescope released an even more 
detailed image of the pillars in near-infrared light. 

Don't expect to see the nebula through your binocu- 
lars, however. Nebulae typically require larger apertures 
and narrowband nebula filters, as well as dark, clear 
skies. Binoculars will show about a dozen stars against 
the soft glow of unresolved cluster stars. But if you hold 
a pair of nebula filters between your binocular eyepieces 
and your eyes, a hint of the Eagle Nebula can be glimpsed 
around the outer edge of M16. 

Finally, we have M18, lying just 1° south- 
southwest of M17. Messier discovered this 
open cluster on the same night he first viewed 
M16 and M17. Through our binoculars, M18 
reveals a few dim stars set in a triangular pat- 
tern surrounded by fainter cluster stars meld- 
ing into a dim haze. The cluster itself may be 
weakly structured, but its true beauty is in its 
surroundings. William Tyler Olcott noted in 
his 1909 book In Starland With a Three-Inch 
Telescope that “M18 is in a glorious field. ‘A 
region of surpassing splendor.’” 

Olcott’s words come to life over a century later as you 
sit back and take in M16, M17, and M18 and their densely 
packed environs all in a single binocular field. The star- 
spangled scene is sure to become a favorite of yours, as 
it has mine. 

Questions, comments, suggestions? Drop me a line 
via my website, philharrington.net. Until we meet again, 
remember that two eyes are better than one. # 


(Ay 


BROWSE THE “BINOCULAR UNIVERSE” ARCHIVE AT 
www.Astronomy.com/Harrington 
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ASK ASTRO 


DIFFRACTION SPIKE PATTERNS 


Primary Secondary 
mirror eae 


Diffraction 
pattern 


Struts 


oa -' @—'@ 


Hexagonally Diffraction Final diffraction 


segmented iS attern (mirror) attern 
F : econdary Pp Pp 
primary mirror Sia 


Diffraction 
pattern (struts) 


Diffraction spikes are 
caused by interference 
due to the wave nature 


a a 
of light. The patterns 
produced depend 
on the shape of the 
telescope’s mirror and 


fi 
the number of spider 
struts. asTRONOMY: ROEN KELLY, 
AFTER CMGLEE & PETE LAWRENCE/ 
WIKIMEDIA COMMONS 


A The diffraction spikes so familiar to us in space 

images are an intrinsic property of the telescope. 
Reflecting telescopes have two mirrors: a large primary 
and a smaller secondary. Light hits the primary first and 
reflects onto the secondary before being reflected back 
through a hole in the primary mirror to the telescope’s 
focus (where the camera sits). That secondary is held in 
place by thin metal struts (collectively called the spider), 
and these struts are largely the cause of diffraction spikes. 

As incoming light waves diffract (bend slightly) 
around the edges of the struts, the waves begin to overlap 
each other, causing an interference pattern like ripples 
overlapping in a pond. This interference pattern appears 
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in the shape of the orientation of the struts; 
these are the diffraction spikes we see. For 
example, in Hubble Space Telescope 
images, we typically see four spikes at 
right angles to each other because Hubble 
has four metal arms holding its secondary 
in place. 

But you'll notice that images from the 
James Webb Space Telescope (JWST) have 
six large spikes and two small ones. This is 
where things get a bit more complex. 
JWST?’s spider has only three struts, but in 
this case, not only these struts are diffract- 
ing incoming light; so are the 18 hexagonal 
segments of JWST’s primary mirror. 
(Hubble’s primary mirror doesn’t cause the 
same effect because it is a single round 
piece of glass.) Incoming light diffracts 
when it encounters the edges of each of 
JWST’s non-round segments. The tele- 
scope’s design is such that the spikes from 
the mirrors and the spikes from two of the 
spider struts combine, creating the six 
larger spikes. The two small horizontal 
spikes are from the remaining strut. 

You can get many types of diffraction spikes, depend- 
ing on the shape of your mirror (or aperture) and the 
number and orientation of secondary mirror struts. All 
point sources (i.e., stars) are affected by diffraction 
spikes, but brighter sources have larger spikes, which is 
why diffraction spikes appear obvious around the bright- 


est stars but are unnoticeable in fainter ones. 
Alison Klesman 
Senior Editor 


A The first part of your question — how stellar 
objects reach millisecond spin periods — involves 
two concepts. First, the object needs to be small, since no 
material can move faster than the speed of light. Consider 
a point on the equator of a rapidly spinning object. Ina 
millisecond, it travels once around, or about 6.3 times 
the radius. For that point to move at sub-light-speed, the 
radius must be less than 30 miles (48 kilometers). 
Second, the object must be dense with strong surface 
gravity, since gravity generally holds astrophysical 


objects together. Without strong equatorial gravity, the 
object would simply fly apart ifit spins too fast. Of stellar- 
mass objects, only neutron stars and black holes can 
satisfy those requirements. Among white dwarfs, which 
are less dense than a neutron star or black hole, the fastest 
spin period is about a second. Other hypothesized objects 
(e.g., quark stars) might satisfy these constraints, but 
there is little evidence they exist. 

How do astrophysical objects start spinning so fast? 
On paper, it can happen as a slowly spinning star collapses 
to a neutron star or black hole; its spin speeds up due to 
conservation of angular momentum, like an ice skater 
pulling in their arms during a spin to twirl faster. But in 
practice, it seems that it usually takes accretion of addi- 
tional matter to reach millisecond periods. Imagine a star 
orbiting a neutron star or black hole, transferring matter 
through an accretion disk. The disk material rotates faster 
and faster as it heads in toward the neutron star/black 
hole. As the material drops down the last bit, it adds its 
angular momentum to the neutron star/black hole, 


Millisecond pulsars (right of center) can be “spun up” by angular 
momentum added when they accrete material from a nearby 
companion star (left), as in this artist's concept. nasa 


spinning it up. Adding a total of about a tenth of a solar 
mass can bring a neutron star to millisecond periods. 
Finally, how is the spin maintained? Well, we now have 
a great flywheel (the spinning neutron star/black hole) on 
an essentially frictionless bearing (the vacuum of space). 
However, millisecond pulsars (which are neutron stars) 
connect to the universe via a relatively weak magnetic 
field, which produces the lighthouselike pulsed emission 
we see. The magnetic field generates a small amount of 
“friction” that slows the pulsar’s spin in a highly predict- 
able way. In the best case, one can predict the change in 
pulse arrival time a decade in advance with sub- 
microsecond precision. Such precision enables all sorts of 


neat experiments, from the measurements of pulsar orbits 


to searches for ultra-long-wavelength gravitational waves. 
Roger W. Romani 

Professor, Department of Physics/Kavli Institute for Particle 
Astrophysics and Cosmology, Stanford University, 

Stanford, California 


CAN PHOBOS AND 


Q DEIMOS BE SEEN 


FROM THE SURFACE OF 
MARS? IF SO, DO THEY 
EXHIBIT PHASES LIKE 
EARTH'S MOON? 
John Carlson 
Colon, Michigan 
A In short: Yes and yes! Both 
Phobos and Deimos are vis- 
ible from the martian surface. Phobos 
is much brighter, as it is both physi- 
cally larger and orbits much closer to 
the planet than Deimos. Phobos will 
appear in the martian sky as bright as magnitude -9 
this month, while Deimos will peak at magnitude —5. 

Phobos is so close to Mars and orbits so quickly — 
roughly once every seven hours and 39 minutes, or about 
three times per martian day — that it will noticeably wax 
or wane during a single appearance (unlike our Moon, 
which appears to rise and set in the same phase). Also, 
Phobos appears large enough — some one-third to one- 
half the size of the Full Moon at times — that a careful 
observer will note it is not round. It is visible for about four 
hours at a time and can be seen from most of the planet at 
least once per night. Phobos is also bright enough to spot 
at times during the day. 

Deimos orbits about four times farther from Mars than 
Phobos does and appears roughly 2.5' across (about twice 
the maximum size of Venus as seen from Earth). This 
moon is typically invisible during the day but is still 
brighter than any star in the night sky. It would look round 
to the naked eye because it is more spherical than Phobos 
and because of its smaller angular size. Deimos takes just 
over 30 hours to orbit; it appears for a few days at a time, 
then disappears for a few more before the cycle repeats. It 
remains above the horizon for about 60 hours at a time, 
moving slowly from east to west (while Phobos appears to 
zip from west to east). Deimos goes through a full set of 
phases roughly twice from moonrise to moonset but 
because it is so small, you'd need a telescope to see those 
phases change. Instead, you might notice it growing 
brighter as it progresses toward full and fainter as it wanes 
toward new. 


Alison Klesman 
Senior Editor 


The larger of Mars' 
two moons, Phobos 
(circled), shows off 
a crescent phase in 
this September 2012 
image from the 
Curiosity rover. nasa/ 
JPL/MSSS/EMILY LAKDAWALLA 


SEND US YOUR 
QUESTIONS 


Send your 
astronomy questions 
via email to askastro@ 
astronomy.com, or 
write to Ask Astro, 
P.O. Box 1612, 
Waukesha, WI 53187. 
Be sure to tell us 
your full name and 
where you live. 
Unfortunately, we 
cannot answer all 
questions submitted. 
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READER GALLERY 


Cosmic portraits 


1. FINE THREADS 

M78 in Orion is the sky's brightest 
reflection nebula, but this shot reveals 
the thin veins of dark dust that weave 
through this stellar nursery. The imager 
used a 17-inch scope and HaRGB to 
collect about nine hours of data. 

« Tony Hallas 


2. TOP OF THE HEAP 

The barred spiral galaxy NGC 1365 
dominates this view of part of the 
Fornax Cluster of galaxies, which lies 
roughly 60 million light-years away. 
The image was taken with just over 
21 hours of exposure on a 6-inch 
scope and a one-shot color camera. 
- Fernando Oliveira de Menezes 
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3. AN OPEN SECRET 

The open cluster M37 in 
Auriga was discovered 
around 370 years ago. But 
this image reveals a planetary 
nebula hidden inside it — just 
the third known in an open 
cluster. The nebula had been 
identified by professional 
astronomers just months 
earlier and reported in a 2022 
preprint. This shot comprises 
13 hours of HaRGB data with 
a 5-inch scope. - Antoine and 
Dalia Grelin 


4. BLACK EYE IN THE RING 
M64, 17 million light-years 
distant in Coma Berenices, 

is known as the Blackeye 
Galaxy for the dark band of 
dust that shades one half of 
its bright inner region from 
our view. This shot also 
shows structure in its broad 
outer arms. The imager used 
a 5-inch refractor to take 

18.6 hours of exposure split 
about evenly between two 
cameras — a monochrome 
and a one-shot color camera. 
» Ronald Brecher 


5. FULL BLOOM 

The Tulip Nebula (Sh 2-101) 
lies about 8,000 light-years 
away in Cygnus, but it's not 
the only famous object in this 
scene: The arc at upper left is 
the bow shock created by 
material expelled from 
Cygnus X-1, the first stellar- 
mass black hole to be 
discovered. This Hubble- 
palette image was taken with 
a 4.5-inch refractor over 

14 hours. - Steve Leonard 


6. BOTTOM OF THE MOON 
The rugged, shadowed 
highlands of the lunar south 
pole are visible in this 
photograph taken with a 
14-inch scope via lucky 
imaging. If the crater floors 
look like plateaus due to the 
crater/dome illusion, try 
turning this page upside 
down. « Oleg Bouevitch 


SEND YOUR IMAGES TO: 
readergallery@ 
astronomy.com. 

Please include the date 

and location of the image 
and complete photo data: 
telescope, camera, filters, 
and exposures. 
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BREAKTHROUGH 


A CLUSTER’S COLORFUL CORNUCOPIA OF STARS 


Globular clusters don't get much respect. Many deep-sky observers find them dull and boring, and lament, “If you've seen 
one, you've seen them all.” NGC 6355 in southern Ophiuchus wants to abolish that stereotype. The cluster's crowded core 
boasts a plethora of colorful stars, from hot blue stragglers to cool red dwarfs. Formed at the same time as our galaxy 
about 13.2 billion years ago, NGC 6355 lies nearly 30,000 light-years from Earth and just 4,500 light-years from the 


Milky Way's center. This Hubble Space Telescope image combines observations made with the Advanced Camera 
for Surveys and the Wide Field Camera 3. esa/Husste & NASA/E. NOYOLA/R. COHEN 
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MOLAR SAFE PRODUCTS 


YOUR PERFECT COMBINATION FOR THE 


2023 AND 2024 ECLIPSES 
AND BEYOND! 


Nexstar SE and Eclipsmart Solar Safe Telescope Filters 


—— 
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Two stunning solar eclipses are crisscrossing the continental 
United States in late 2023 and early 2024. Be ready with a Celestron 
telescope and a custom-fit, |SO-certified EclipSmart Solar Safe 
telescope filter. You can enjoy stunning views and photographs of 
the eclipses, marvel at sunspots any day, and—of course—enjoy the 
wonder of the night sky for years to come. 


All EclipSmart Solar Safe products are lab-tested and certified to 
the latest ISO standards for 100% safe solar viewing. 
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SAFELY OBSERVE THE SUN ANY DAY 
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EclipSmart Solar Safe EclipSmart Solar Safe EclipSmart Solar Safe 
Observing Kits Binoculars Travel Scope 50 


See more EclipSmart products and customize your own eclipse viewing experience celestron.com/eclipsmart 


CELESTRON PREMIER SELECT DEALERS DR coate 


B&H Photo - 800.947.9970 - bhphotovideo.com 


NexStar 6SE 


See everything our Solar System has to 
offer, plus all the best deep-sky objects, 


like galaxies, nebulae, and more 
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Annular Solar 
Eclipse 


Eclipse 


(@ CELESTRON 


EclipSmart Solar Filter for 6” 

Schmidt-Cassegrain Telescopes 
Custom designed for a safe, secure 
fit on your telescope’s front end 
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yy Although Mars has 
been resisting being 


swallowed up by evening twi- 
light, its luck runs out this 
month. You can still spot it low 
in the west as twilight fades in 
early September. Look for the 
magnitude 1.7 planet some 20° 
below Ist-magnitude Spica. 
Mars’ ruddy hue contrasts nice- 
ly with the blue-white star. 
Unfortunately, Mars sinks 
lower with each passing day, 
and it disappears from view by 
month’s end. We'll have to wait 
until 2024 for it to return in the 
predawn hours. 

It’s a completely different 
story with Saturn. The ringed 
planet stands out in the eastern 
sky at midevening and climbs 
highest in the north around 
midnight local time. Saturn 
reached opposition in late 
August, and it remains near 
peak visibility throughout 
September. It shines at magni- 
tude 0.4 against the backdrop 
of Aquarius the Water-bearer. 

A telescope paints a stun- 
ning portrait of Saturn. The 
planet’s disk measures 19" 
across the equator while the 
ring system spans 43" and tips 
10° to our line of sight. The disk 
appears more prominent now 
than in recent years because the 
rings don’t tilt as much. Also 
look for Saturn’s biggest and 
brightest moon, 8th-magnitude 
Titan, and three or four 10th- 
magnitude satellites. 

In early September, Jupiter 
rises shortly after 11 p.m. local 
time, and it comes up about 
30 minutes earlier with each 


September 2023 
Venus blazes before dawn 


passing week. The giant planet 
gleams at magnitude -2.7 
among the dimmer back- 
ground stars of Aries the Ram. 

Jupiter looks magnificent 
when viewed through a tele- 
scope. Spend some time 
observing its dynamic atmo- 
sphere and four bright Galilean 
moons. The planet’s flattened 
shape proves to be more subtle, 
though it’s obvious once you 
know to look for it. In mid- 
September, its equatorial diam- 
eter measures 46" while its 
polar diameter appears 3" less. 
The difference arises because 
Jupiter is gaseous and spins 
rapidly, completing a rotation 
in less than 10 hours. 

As morning twilight 
approaches, brilliant Venus 
pokes above the eastern hori- 
zon. The inner planet passed 
between the Sun and Earth in 
August and spends this month 
climbing higher before dawn. 
You won't mistake Venus for 
any other object. The world 
shines at magnitude —4.6 in 
early September and brightens 
to magnitude —4.8 by greatest 
brilliancy on the 19th. 

It’s worth tracking Venus 
through a telescope all month 
because its appearance changes 
so rapidly. On the Ist, the 
planet spans 50" and the Sun 
illuminates just 11 percent of 
its disk. By the 30th, its size 
shrinks to 32" across while its 
phase waxes to 36 percent lit. 

Mercury proves much 
harder to see. The innermost 
planet reaches inferior conjunc- 
tion September 6 and then 


climbs slowly into view. At 
greatest elongation on the 
22nd, an observer at 30° south 
latitude will see Mercury just 3° 
high in the east a half hour 
before sunrise. Although those 
closer to the equator will find 
the planet a little higher, it still 
won't be easy to observe. 


The starry sky 


Few observational astronomers 
come close to the contributions 
of American scientist Edwin 
Hubble. He made two funda- 
mental discoveries in the 1920s 
that helped shape our under- 
standing of the universe: prov- 
ing that the Milky Way is not 
the only galaxy in the universe 
and showing that we live in an 
expanding cosmos. 

This month I want to 
explore the first of these discov- 
eries. When most people think 
of Hubble’s definitive work on 
galaxies, they turn to his obser- 
vations of the Andromeda 
Galaxy (M31). In the early 
1920s, astronomers called it the 
Andromeda Nebula because it 
was just one of the many unre- 
solved spiral-shaped objects 
that dotted the sky. 

When Hubble observed M31 
with the 100-inch Hooker 
Telescope in California, how- 
ever, he discovered many 
Cepheid variable stars. 
Henrietta Leavitt’s ground- 
breaking studies previously had 
shown that Cepheids could be 
used as distance indicators. In 
a seminal paper published in 
1929, Hubble deduced that M31 
lies about 900,000 light-years 


from Earth — far outside the 
Milky Way and proof that it 
was a separate galaxy. (At the 
time, astronomers considered 
the two Magellanic Clouds to 
be appendages to our galaxy.) 
Although his calibration was 
off — M31 actually lies 2.5 
million light-years away — the 
implication stood. 

Few people know that 
Hubble had published details 
about another external stellar 
system in 1925. In that system, 
now known as Barnard’s 
Galaxy (NGC 6822), Hubble 
identified several Cepheids in 
the object and calculated a dis- 
tance of 700,000 light-years. (Its 
true distance is 1.6 million 
light-years.) Hubble com- 
mented that NGC 6822 was 
“the first object definitely 
assigned to a region outside the 
galactic system.” 

Take some time to track 
down NGC 6822. It lies in 
northern Sagittarius the Archer 
and climbs highest in the north 
early on September evenings. It 
lies 9° due west of Beta (8) 
Capricorni and about 1.5° 
north-northeast of 55 Sagittarii. 
You ll need to use averted 
vision under a dark sky and a 
wide-field, low-magnification 
eyepiece. (Some sharp-eyed 
observers claim to have seen it 
through 10x50 binoculars.) 
Even Hubble made this point 
when he wrote that NGC 6822 
was “fairly conspicuous in a 
short 4-inch finder with a low- 
power eyepiece, but is barely 
discernible at the primary focus 
of the 100-inch.” 


HOW TO USE THIS MAP 
This map portrays the sky as seen 
near 30° south latitude. Located 
inside the border are the cardinal 
directions and their intermediate 
points. To find stars, hold the map 
overhead and orient it so one of 
the labels matches the direction 
you're facing. The stars above 
the map's horizon now match 
what's in the sky. 


The all-sky map shows 
how the sky looks at: 


10 p.m. September 1 
9 p.m. September 15 
8 p.m. September 30 


Planets are shown 
at midmonth 
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STAR COLORS 


A star's color depends 


on its surface temperature. . a ° 

= The hottest stars shine blue a Ore 

™ Slightly cooler stars appear white Us = 

= Intermediate stars (like the Sun) glow yellow we x ° 

= Lower-temperature stars appear orange 7s . Densb" . . 
= The coolest stars glow red . 

7 


Fainter stars can’t excite our eyes’ color 
receptors, so they appear white unless you 
use optical aid to gather more light 


BEGINNERS: WATCH A VIDEO ABOUT HOW TO READ A STAR CHART AT 
www.Astronomy.com/starchart. 


ILLUSTRATIONS BY ASTRONOMY: ROEN KELLY 


. . ps Note: Moon phases in the calendar vary in size due to the distance 
3 ie <j from Earth and are shown at 0h Universal Time. 
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a ce * o. CALENDAR OF EVENTS 
3 vy . 
ww | is) x at e The Moon passes 1.4° south of Neptune, 7h UT 
4 3 - is Rs a 
5 . S ae a Venus is stationary, 4h UT 
/ € e . 
ra ; s fr 4 The Moon passes 3° north of Jupiter, 20h UT 
°. e . an . . . . 
o—F ¢ * ee Jupiter is stationary, 21h UT 
° / ° | Pa 5 The Moon passes 3° north of Uranus, 9h UT 
; 
‘ \, 6 Mercury is in inferior conjunction, 11h UT 
—t . P é q Last Quarter Moon occurs at 22h21m UT 
"_P 
‘ / RS ath of the Sun (ecliptic a 11 The Moon passes 11° north of Venus, 13h UT 
+ tied 
or / eer ; 
; Ss = 4 ke 12 The Moon is at apogee (406,291 kilometers from Earth), 15h43m UT 
i 15 ~— Mercury is stationary, Oh UT 
in ry New Moon occurs at 1h40m UT 
yo 1 ij 16 The Moon passes 0.7° north of Mars, 19h UT 
° ° 19 Neptune is at opposition, 1h UT 
) 
ae z S Venus is at greatest brilliancy (magnitude -4.8), 14h UT 
° e G A 
iy ha 21 The Moon passes 0.9° north of Antares, 8h UT 


22 ~=Mercury is at greatest western elongation (18°), 13h UT 


First Quarter Moon occurs at 19h32m UT 


September equinox occurs at 6h50m UT 
27 ‘The Moon passes 3° south of Saturn, 1h UT 

28 The Moon is at perigee (359,911 kilometers from Earth), 0h59m UT 
The Moon passes 1.4° south of Neptune, 17h UT 

é Full Moon occurs at 9h58m UT 


Astronomy 


INCLUDING EXCLUSIVES 


EXP LO R E TH E FROM ASTRONOMY 


_VNIVERS 


The Carina Nebula’s Mystic Mountain 


Visit MyScienceShop.com today for high-quality 
products curated by the Astronomy magazine 
team, including: 


Astronom) ¢ Custom-produced globes, as well as others 
Constella 10 from top manufacturers. 
| Flashcard: S 


¢ Books and DVDs covering solar eclipses, observing 
guides, the cosmos and more. 


¢ Magazines bringing you the latest astronomical 
discoveries and events. 
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- Astronomy posters including many 5 GALILEOSCOPE @ 
sold exclusively on MyScienceShop.com. oe =z 


¢ Toys and games-have fun learning 
about astronomy! 


¢ And much more! 
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